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HISTOLOGICAL CHANGES FOLLOWING OVARIECTOMY IN MICE 
I dba High Tumor Strain* 

Bv ELIZABETH FEKETE, GEORGE WOOLLEY, PilD , and C C LIITLE, Sc.D 
{Trom the Roscoe B Jackstm Memmol Laloraiory, Bar Harbor) 

Plates 1 to 3 

(Received for publication, April 16, 1941) 

The formation of nodular hyperplasia of the suprarenal cortex and the 
development of mammary tumors m dba mice ovanectomized at birth have 
been reported by us in a short paper (1) Since then further data have been 
secured ■^hich enable us to foUou the suprarenal changes from their earliest 
manifestation to the fully formed abnormalities and correlate these \Mth the 
changes taking place in the vagina, uterus, and mammary glands 

The observations are based on data collected from 95 dba female mice which 
were ovanectomized at birth and killed at diEcrent ages This particular 
stram has about 50 per cent breast tumor incidence m the virgin females 

Method 

The ovariectomy was performed on the first post partum day The mice were 
anesthetized by chilling They were placed on a sheet of paper in the freezmg 
compartment of on electric refrigerator for about 7 minutes Small dorsal masions 
were made and each ovary, together with its capsule and part of the oviduct, was 
removed^ A disscctmg microscope was used to aid m locating these organs Each 
incision TV'as closed by one stitch taken with fine white silk thread The mice survived 
the operation \scll, and their mothers readily accepted and contmued to take care of 
them 

At the autopsy of every animal a careful search was made to ascertam whether any 
ovarian regeneration had taken pbee All suspiaous areas were sectioned but in no 
case was ovarian regeneration found 

Changes m the Suprarenal Gland 

In all the castrated animab killed after 3 to 4 months of age the supra- 
renals show charactcnstic changes which progressively lead to the formation 
of nodular hyperplasia Most of the glands were studied on serial sections 

The earliest changes consist of the hj'pcrtrophy of a few cells of the zona 

* Supported m part by a grant from the Josiah Macy, Jr , Foundation, and in part 
by a grant from The Jane Coffin Childs Menaonal Fund for Medical Research 
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glomerulosa Normally the cells of this zone are small and have relatively 
large compact nudei and slightly basophilic cytoplasm Their cell outhnes 
are indistmct After undergomg hypertrophy the nuclei become large and 
vesicular The cytoplasm increases m amount, accumulates lipoid, stams 
lighter, and the cell outhnes are more distmct Such cells occasionally are 
found m tlie process of cell division (Fig 1) Simultaneously groups of small, 
densely arranged cells appear immediately below the capsule and spread 
around the hypertrophied cells These subcapsular cells are polyhedral m 
shape, havmg deeply stammg round nuclei and slightly basophilic cytoplasm 
They soon extend m between the cell columns of the zona fasciculata and here 
they become spmdle-shaped and strikmgly resemble the cells of the ovanan 
stroma As the subcapsular cells increase in number by mitosis they are seen 
first to interrupt the normal arrangement of the cells of the zona fasciculata, 
and later to mvade and replace the cells of all three zones of the cortex This 
mvasion soon results m the formation of a wedge-shaped abnormal area such 
as is shown in Fig 2 After the apex of tlie wedge reaches the medulla the 
smusoid circulation of this part is disturbed and large blood-filled lakes are 
often found surrounding the abnormal areas The changes described fre- 
quently occur at 2 or 3 different parts of the cortex 

Gradually the small polyhedral subcapsular cells of the abnormal area 
mcrease considerably in size, the cytoplasm accumulates hpoid and the nucleus 
becomes vesicular (Fig 3) Later the enlarged cells form groups of cell nests, 
which are surrounded by spindle-shaped cells (Fig 4) At this stage these 
enlarged cells are indistinguishable from the hypertrophied zona glomerulosa 
cells By the mcrease m the size of the cell components the wedge-shaped 
1 areas change into rounded nodules, and often involve large parts of the cortex 
(Fig 5) The structure of such nodules resembles those lutein cells of mouse 
ovaries which develop from atretic follides The cytoplasm of some of these 
cells often contains yellow pigment Occasionally the pigmented cells fuse 
and form large multinuclear giant cells 

In some cases the enlargmg abnormal nodules cause bulgmg of the surface 
(Fig 6) In other cases the nodules project toward the center of the gland 
and push the medulla into an eccentric position In several glands enlarge- 
ments occur in both directions (Fig 7) Still further growth results m the 
invasion and finally in the breakmg through of the capsule, after which a 
mushroom-like outgrowth occurs and results in the involvement of the sur- 
roundmg adipose tissue (Fig 8) In extreme cases large areas of the surround- 
mg tissues are involved Smce the circulation is seriously disturbed, necrosis, 
thrombosis, and calcification m the central area have been seen to occur 
(Fig 9) 

The same suprarenal frequently contains several abnormal nodules which 
may show different phases of the changes described Even m the most 
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extreme involvement some normal cortical and medullary tissue is always 
present The advanced changes are visible m the gross, enlargmg the gland 
and gi\ mg it a nodular outline 

Diffuse caremoma of the suprarenal appeared in four animals In three of 
these mice one gland ^as entirely involved, while the other gland showed 
nodular hj'pcrplasia In the carcinomatous glands two kinds of cells pre- 
dominate (1) The first type of cell is usually present at the periphery and at 
some places forms adenomatous areas These are small polyhedral cells with 
dark stammg oval nuclei, containmg coarse chromatin granules, which are very 
similar to the subcapsular cells, present at an earl> stage of nodular hyper 
plasia (2) The second type of cell forms the central part of the tumors and 
IS arranged in diffuse rounded areas In these cells the cell outlmes are in 
distmct, the oval and vestcuhr nuclei arc lighter staining and contain very 
fine chromatin granules Both areas show mitotic acti\ it> In one of these 
tumors areas of necrosis and calaum deposits were found Metastasis w’as 
not observed All three of these animals were between the ages of 18 and 20 
months 

In a fourth animal belonging m the same age group and showing far advanced 
nodular hyperplasia, a small area of diffuse caranoma composed of the first 
type of cells show mg vco active growth was present (Fig 9) 

Changes tn the Uterus 

The uterus remains undeveloped and has a very small diameter until about 
6 to 7 months of age Miaoscopic sections dunng this penod show the typical 
slit like lumen, lined by inactive epithelial cells, the small atrophic uterme 
glands, and the dense cellular lamina propria which are so characteristic of 
this organ in castrated animals (Fig 10) 

The gradual changes which begin to take place between 7 and 12 months 
after castration are identical with those mduced in the uterus of castrated 
animals by the injections of estrogen An increase in the diameter is noticeable 
m the gross Microscopic observations show an enlarged uterme lumen, an 
increase m the height of the epithelial cells and active cell division The 
uterme glands also undergo similar changes The lamina propna becomes 
greatly thickened by marked edema and hyperemia and, therefore, appears 
less cellular The thickening of the muscle layers is mamly due to a size 
mcrease of the smooth muscle fibers, although occasionally mitosis also occurs 
(Fig 11) The mcrease m size of the uterus reaches its height between about 
11 and 16 months Fig 12 shows a section of the uterus at 15 months after 
castration The epithebal cells show considerable mitotic activity and edema 
of the lamma propna is marked 

In many animals the uterme glands are greatly dilated and contam secretion 
After about 550 days there is a slight decrease m size and hyperemia is less 
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marked Individual variations exist in the degree of development, which 
seem to be correlated with the abnormal condition of the suprarenal glands 

Changes in the Vagina 

Vagmal smears of several animals were exammed Estrous cycles were 
detected, although they occurred irregularly Many of the vagmas were 
sectioned and exammed microscopically The observed changes takmg place 
here were also comparable with the changes which can be mduced by estrogen 
mjections m the adult ovariectomized animals 

TABLE I 


This table indicates the approximate tune of the changes taking place m the suprarenal 
and the accessory sex organs The observations did not include all the accessoiy sex organs 
of all animals 
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The epithelial lining of the vagina remains m an atrophic condition until 
about 6 to 7 months after castration Gradually marked thickening of the 
stratified epithelial linmg is noticeable Cornification, mucification, as well 
as mvasion with leukocytes, are easily recognizable phases 

The Mammary Glands 

AU mammary glands of the experimental animals were examined by pal- 
pation and the glands of 68 mice were studied microscopically In general the 
glands remamed rudimentary for about 8 months, and were comparable in 
size to the gland system of a 3 weeks old female After that period the ducts 
gradually lengthened and the formation of end-bulbs occurred In many 
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cases the ducts proximal to the nipples were irregularlj dilated Later, side- 
branches developed from the preexisting ducts, and some alveolar areas nerc 
formed An unevencss m the length and branchmg of the different glands of 
the same animal was frequently noticed The youngest mouse to show a 
malignant maramar> tumor v.’as 14 months of age Between the ages of 14 
and 27 months the autopsy records of 75 animals show that 37 of them had 
tumors of the mammary glands (3 adenomas and 34 caremomas) 

Table I shows the data in tabulated form 

DISCUSSION 

It IS a generally accepted fact that the endocrine function of the ovaries 
dommates the uterus, xTigina, and the mammary glands Post pubertal 
ovanectomy results in the cessation of qcIic activities and in degeneration of 
these organs The degree of atrophy is proportional to the time which passed 
between ovanectomy and autopsy (2) After mjections of estrogen, rapid 
changes take place m the uterus and vagina and result in a recoverj of these 
organs from the castrate condition (3) According to Allen (4) these changes 
are valuable criteria of ovarian endoenne function 

In the present expenment, although the animab were ovancctomized at 
birth and careful exammation showed that no ovanan regeneration has taken 
place, the vagina, uterus, and mammary gland slowly recovered from the 
castrate condition and reached a state which they presumably can attain only 
under the influence of estrogen The probability, therehre, exists that 
estrogen originated m some other organ m the absence of ovaries The 
consistent nodular hyperplasia of the suprarenal cortex and close morphological 
simflanty of these nodules to lutein like cells of the ovaries points to the ab 
normal suprarenals as the possible source of estrogen 

A comparison of our results with the experiments conducted by Parkes and 
Brambell (5, 6) is instructive These investigators exposed the ovaries of 
mice at birth to x ray irradiation The sterile ovanes evidently produced 
estrogen smee the uten and vaginas of these animals killed at adult ages did 
not show castration changes, but appeared stimulated Estrous cycles de- 
veloped m a normal manner and ceased after ovariectomy In trying to 
analyze which ovanan elements were responsible for the production of estrogen 
the mvestigators came to the conclusion that the cords of cells which, after 
irradiation, prohferated from the germmal epithelium together with their 
connective tissue sheaths were the probable chief source They state that the 
tissue of this “first proliferation often becomes like luteal tissue, the epithelial 
cells becommg like luteal cells, with connective elements of the sheath growing 
m amongst them hke the thecal cells of the corpus luteum ” Hie photo 
micrograph which illustrates this luteal like ovanan tissue m their article has 
a stnkmg resemblance to the structure of the areas of suprarenal nodular 
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hyperplasia of our experimental animals Fig 13 shows such an area for 
comparison The close and common regional embryonic origm of the ovary 
and suprarenal cortex might account for the possibility that proliferatmg 
undifferentiated subcapsular cells of the suprarenal produced areas which were 
not only similar in structure to the ovaries but also m hormone production 
The time element in the production of these suprarenal areas is evidently 
an important one The formation of hypeiplastic nodules is a slow, gradual 
process, and the effect of estrogen on the uterus, vagina, and mammary glands 
can be dehnitely detected only after about 8 to 10 months It is possible that 
late castration does not leave sufficient life span for markedly effective changes 
It seems important to emphasize the possibility that all strains of mice do 
not have the capability in the same degree for suprarenal changes foUowmg 
castration Some evidence is already at hand pointing to the fact that in the 
C57 black mice, castrated at birth, the vagina, uterus, and mammary glands 
do not in all cases recover from the castrate state 
Clinical data seem to indicate that suprarenal cortical tumors m women 
lead to virilism However, it should be kept m mind that to detect the effect 
of estrogen-producing components of abnormal suprarenals in the presence of 
even perhaps atrophied sterile ovaries would be more difficult That such 
possibility might exist should be kept m mmd Frank (7) described two cases 
m which a large carcinoma of the suprarenal cortex m women was accompanied 
by mcreased amount of estrogen excretion m the urine Pregnancy tests were 
negative 

In man a femimzmg effect of suprarenal cortical tumors expressed by the 
enlargement of the breasts has been noted Simpson (8) summarized five such 
reports and added a new case history He stated that m his case “the adrenal 
tumor and its metastases were the source of the estrogenic hormone ” In all 
these cases, where observations of the testes are included, it was stated that 
they were smaller than normal 

The femmizmg effect of hyperplastic suprarenal nodules in castrated male 
mice has been observed and reported by us (9) and will be described more fully 
m a later paper 


CONCLUSIONS 

1 In dba mice ovariectomized at birth the vagma, uterus, and mammary 
glands showed a gradual recovery from the castrate state, and finally reached 
the stage which they presumably can attain only under the influence of estro- 
genic hormones Tumors of the mammary glands developed m 37 animals, 
of 75 exammed, between the ages of 14 and 28 months (3 adenomas and 34 
carcmomas) 

2 As ovarian regeneration had not taken place the probability that estrogen 
onginated in some other organ in the absence of the ovaries is suggested 
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3 The consistent nodular hyperplasia of the suprarenal cortex and close 
morphological similanty of cells of these nodules to lutein like cells of the 
ovTines points to the abnormal suprarcnals as possible sources of the estrogenic 
hormones 
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EXPLANATION OF PLATES 

All the sections used for illustration were stained with hematoxylin and eosin 
, Plate 1 

Fig 1 Suprarenal of a 3 months old mouse showing hypertrophy of a group of 
zona glomerulosa cells Note the mitotic figure X 600 

Fig 2 Suprarenal of a 7J months old mouse showing the wedge-shaped area 
formed by prohferatmg subcapsular cells X 300 










PijITE 2 

Fig 3 Suprarenal of an 8 months old mouse showing beginning hypertrophy ol 
the subcapsular cells m the wedge-shaped area X 300 

Fig 4 Suprarenal of a lOJ months old mouse showing groups of enlarged cells 
surrounded bv spindle shaped cells X 275 

Fig 5 Suprarenal of a lOJ months old mouse showing a round nodule of hyper- 
plasia extending from the capsule to the medulla and sho\^ mg typical blood lakes 
X 100 















Plate 3 

Fig 6 Suprarenal of a 19 months old mouse with advanced nodular hyperplasia 
X20 

Fig 7 Suprarenal of a 20 months old mouse showing the extension of abnormal 
nodules toward the center and toward the periphery of the gland Note that the 
capsule has been broken through and the surrounding adipose tissue invaded X 20 

Fig 8 Suprarenal of a 12 months old mouse showing that the abnormal area 
broke through the capsule and invaded the surrounding adipose tissue X 66 

Fig 9 Suprarenal of a 20 months old mouse showing extreme case of nodular 
hyperplasia accompanied by thrombosis (o) and calcification (6) Note the small 
area of diffuse carcinoma at (c) X 20 

Fig 10 Cross section of the uterus of a 4 months old mouse showing typical 
castrate state X 20 

Fig 1 1 Cross section of the uterus of a 10| months old mouse showing recovery 
from the castrate state X 20 

Fig 12 Cross section of the uterus of a IS montlis old mouse showing enlarged 
uterine glands X 20 

Fig 13 Same suprarenal as shown on Fig 8, at higher magnification to show 
structural details X 183 
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FLtriD TRANSPORT IN INTERSTITIAL TISSUE OF SKIN 


Recently m this laboratoiy methods have been developed (8, 9) by which 
fluids in microscopic amounts can be brought into contact with the tissues of 
hvmg sLm at atmosphenc pressure, or at vanous known pressures, m such a 
way that they enter neither the blood vessels nor the lymphatics directly 
Under these conditions Locke’s solution, at atmosphenc pressure, is absorbed 
mto the tissues mtermittently (8, 9) and we have been able to measure the 
rate of its absorption The techmque has afforded an opportunity, as will be 
explained below, to determme with accuracy the resistance of the tissues to 
the mterstitial movement of vanous fluids brought mto contact with them 
Observations have also been made upon the changes m the mterstitial move- 
ment of Locke’s solution and other fluids when brought mto contact with the 
tissues under vanous positive pressures The findmgs throw some hght upon 
the nature of the interstitial spaces and the magnitude of the pressures oper- 
atmg m the tissues durmg the formation of lymph 

Methods 

The technique by which exceedingly small amounts of test fluids have been brought 
mto contact with the tissues has already been described (8, 9) It will sufiSce to 
recall here that a gauge 30 needle, carrymg fluid from a horizontally placed 0 2 cc 
pipette, was mtroduced mto the connective tissue of the skin m such a manner that 
the fluid brought into contact with the tissues did not pass mto the blood vessels or 
the lymphatics directly (8) The movement of fluid m the pipette, occasioned by 
the entrance of the former mto the tissues, was observed through a microscope and 
measured by the aid of micrometer eyepieces As the amount of fluid entermg the 
skm was exceedingly small, it was necessary to prevent all movement of the meniscus 
m the pipette resulting from expansion or contraction of the fluid foUowmg the slightest 
change m room temperature Accordingly, the apparatus was submerged m a con- 
stant-temperature bath (8) An apparatus was also devised, as already described 
(8), by which the fluid in the pipette and hence the fluid brought mto contact with 
the tissues could be subjected to vanous pressures The detailed descnption of this 
device, already given (8), need not be repeated here 

The Effects of Pressure upon the Movement of Lode's Solution through the Tissues 

of the Skin 

In 60 experiments we observed the effects of changes m pressure upon the 
movement of Locke’s solution through the tissues of the skm of livmg mice 
It IS to be recalled that Locke's solution is readily absorbed from the tissues (9) 
The experiments yielded consistent results and need not be detailed mdivid- 
ually 

The needle and pipette of the injecting device were filled with Locke’s solution at 
atmosphenc pressure and the needle carrymg the fluid was introduced into the con- 
nective tissue of the skm of the ear or the back of mice anesthetized with nembutal 
(8, 9) The memscus of the Locke’s solution m the pipette was watched contmu- 
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ously In all of the experiments it was noted, as in our previous uork (9), that the 
Locke s solution at atmospheric pressure entered the tissues intermittently When 
the intermittent entrance of fluid into the skin had been observed for 15 to 20 minutes, 
that IS, long enough to determine its rale and character, the pressure of a column of 
water 1 0 to 2 5 cm in height was put upon the fluid m the injectmg device, by means 
already described (8) The subsequent movement mto the tissues was observed for 
10 to 20 mmutes, after which pressure m the pipette was again increased by small 
amounts for an equal period Later this procedure was repeated, employing slightly 
larger or smaller increments of pressure and observing the character and rate of fluid 
movement all the while until pressures of 20 to 40 cm of water had been utilized 
The findings from two experiments typical of the sixty done are presented m Text 
figs 1 a and 2 o, m which the data are plotted as described m our previous papers (8, 9) 

In all the expenments the fluid continued to move into the skm at approxi 
mately the same rate as before when pressures of 1 0 to 2 5 cm of water were 
applied, and m about half of them the intermitten{y of flow remained un 
changed as well An instance of this sort is illustrated by Text fig 1 o For 
the first 20 mmutes of the experiment the Locke’s solution, at atmosphenc 
pressure, entered the tissues mtermittently at quite regular mtcrvals From 
tiie 20lh to the 3Sth mmutes, mclusive, as indicated by the numerals between 
the horizontal arrows near the top of the text figure, a pressure of 2 5 cm 
of water was put upon the fluid m the injection apparatus Neither the rate 
nor the character of the flow changed appreaably 

In the other half of the expenments pressures of 1 0 to 2 5 cm of water 
produced slight alterations in the mtermittency of flow, but the rate of flow 
did not increase. The penods of inflow lasted a little longer, or recurred at 
shorter intervals, and the penods of no flow were correspondingly shortened 
The data from a typical expenment of this sort appear m Text fig 2 a In 
certam instances, of which this is one, the changes just mentioned became 
more obvious when mcreasing pressure was put upon the Locke’s solution 
{Vtde Text fig 2 c, from the 30th to the 45tfa mmutes, when a pressure of 3 5 
cm of water was employed m the mjection apparatus It will be seen that 
the rate of flow into the tissues mcrcased only slightly ) 

In practically all of the expenments the flow became contmuous when the 
pressure was raised to approximately 4 5 cm of water Text figs 1 a and 
2 a both show this fact The mtervals of no fluid movement were replaced 
by penods of steady flow, separated from one another by penods of slightly 
greater inflow It was as if a contmuous passage through the tissues had been 
superimposed upon the ordinary intermittent inflow In about half the ex- 
periments, as c g m that charted m Text fig 1 o, there was no change m the 
rate of entrance of Locke’s solution mto the tissues, while m the reraamder, 
as typified in Text fig 2 a, there was an insignificant mcrease In all of the 
expenments further mcreases of pressure up to 7 5 cm of water produced 
hardly any further change, the mtake of Locke s solution mcreasmg but httle 
and m manv instances (none of which is shown m the text figures) not at all 
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Text-Fig 2 o Data from another experiment of the sort plotted m Text-fig 
la In this mstance pressures of 2 5 to 4 5 cm of water did not importantly in- 
fluence the rate of flow but produced shght alterations in the intennittency of the 
flow The periods of inflow endured a httle longer or they took place at shorter 
intervals than they had at atmospheric pressure 



Text-Fig 2 b Data from the same experiment plotted as m Text-fig 1 b 

Lines B, C, and D show similar data in three other typical instances In two of 
them the “breaking pomts” lay between 7 0 and 9 0 cm , the average level, while in 
the third it was not reached until a pressure of 12 cm of water was exerted 

On comparing these four hues a significant pomt will be noted In each 
expenment measurable flow occurred spontaneously at atmosphenc pressure 
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Upon the application of low pressures, from 2 0 cm of water upward until 
the “breakmg point” was reached, there occurred very little increase m the 
rate of flow, sometimes none After the ‘‘breaking point” had been reached, 
each addition of pressure produced such an increase in flow that there was a 
linear relationship between the two, as though the latter were takmg place 
through small channels This mterprctation will be discussed more fully 
below 



Text Fjc 3 The data from four typical expenments, plotted as jo Text figs 
1 b and 2 &, to illustrate further the effect of changes in pressure upon the rate of 
entrance of Locke s solution into the skm Instances of high, low, and average 
* breaking point” (see text) have been selected There was a linear relationship 
between pressure and flow after the “breaking point” bad been exceeded 

The Resistance of the Tissues to the Entrance of a Relatively Unabsorbahle 
Edema Produani Fluid 

In the work just reported, such mmute amounts of fluid were mtroduced 
mto the skin, even under pressure, that one could not be certam how much of 
the increased flow from the apparatus was due to a greater movement of fluid 
through the tissues and how much resulted from absorption by the blood 
vessels The next experiments bore upon this pomt They were carried out 
with a fluid similar in viscosity to Ix>cke‘s solution but one which calls forth 
edema, augmenting the fluid bulk withm the tissues 

To accomphsh our end we have utilized a finding made previously m this labora 
tory and reported m an earher paper (9) It was found that the addition to Locke s 
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have charted the data from this same expenment to show the average rate of 
inflow for each 5 mmute penod at the various pressures employed, up to IS cm 
of water 

Text-fig 5 shows the data from four typical expenments of the sort plotted 
m Text-fig 4 6 In some of the four, as e g m this experiment, there was 
httle change m either the rate or the manner of fluid entrance into the skm at 
pressures below the “breakmg pomt”, m some the rate of flow mcreased 
shghtly, while in others an mcrease in pressure resulted in a decrease m the 
observed flow of flmd mto the skm It is clear from this that the observed 



Text-Fig S Changes m the average rate of entrance of dye-Locke’s solution at 
vanous pressures The data are plotted as in the preceding text-figure Each in- 
crease m pressure after the “breaking pomt” had been exceeded brought about a 
correspondmg mcrease of mterstitial flow, as evidenced by the straightness of the 
Imes 

differences in flow at different pressures below the “breakmg point” often feU 
within the margm of error of the method In all the experiments, after the 
“breakmg point” had been reached each increase in pressure brought about a 
corresponding increase m the flow of the dye-Locke’s solution through the 
tissues As result, the later slant of the curves is approximately straight 

Restsiance to the Entrance of Serum 

Expenments like those just descnbed were repeated, usmg homologous se- 
rum, a relatively unabsorbable and viscous fluid It is well known that serum 
mjected mterstitially is absorbed slowly 

Fresh, stenle mouse serum obtamed from pooled specimens of mouse blood taken 
with aseptic precautions was brought mto contact with the tissues of the skm of the 
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ears or thighs of 34 anesthetized mice In about half the number, as m previously 
reported work (9), the scrum, at atmospheric pressure, entered the tissues at the 
extremely slow rate of 0 01 to 0 02 cjnm per 5 minutes, about a third the rate of 
Lod-c’s solution under similar conditions In the other tests no Ouid entered Only 
these instances \scrc employed m the present work After 15 to 20 minutes had 
elapsed Viith no entrance of fluid, the pressure withm the apparatus ^vas raised by 
stages, as m the preceding experiments, until at hst flow took place at a rate like that 
of the spontaneous flow of plain Locke’s solution into the skin at atmospheric pressure 
It was found that pressures of between I 5 and 4 5 cm of water sufliced to bring this 
about The flow was contmuous and shghtly irregular like that occurring in the ex 
periments made with dye Locke’s solution as just described 

As m the expenments with the d>e Locke’s mixture or plain Locke’s solu 
tion, further slight increases m pressure produced little increase in flow until 
a “breaking point” was amved at Then there occurred a sudden and greatly 
increased flow 

The findings of a typical experiment appear m Text figs 6 a and 6 h Thcj 
show that the ‘Tireakmg point,” as indicated by the commencement of sudden, 
rapid inflow mto the skm, occurred at approximately the same pressure as m 
the tests made with Locke’s solution or with the dye Locke’s mucture In the 
expenments in which serum was employed the increase of mflow after the 
‘'breaking pomt” had been reached was not so great or so abrupt as in the 
trials employing the other solutions 

The Nature of the “Breaking Point” 

Findings in the Skin of Dead Animals — ^In the expenments so far described 
the “breaking pomt” was reached at the same pressure whatever the nature 
of the fluid employed One may infer therefore that it was determined by the 
mechanics of the situation, by the bulk of the fluid mtroduced mto the tissues 
whereby some structural change or separation of the formed elements was 
effectuated To exclude the possibility that a circulatory change might have 
been responsible for the sudden entrance of fluid mto the tissues, experiments 
like those desenbed were repeated on animals that had been killed with ether 
1 to 5 hours previously 

Flam Lockes solution, dye Lockes solution, and homologous serum were used 
respectively We have already shown in a preceding paper (9) that Locke’s solution 
and the dye-Locke s mature at atmosphenc pressure fail to enter the skin of killed 
mice Homologous serum also has failed to enter m about half of the trials made, 
and It passed mto the skm very slowly m the remamder When pressure was brought 
to bear on these fluids, all three entered mto the tissues contmuously at pressures of 
1 5 to 5 0 cm of water and there was no sign of the mtennittency of flow that appears 
when Locke s solution is brought into contact with hvmg skm at atmosphenc pressure 
or fon^ mto it at low pressures 
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Text-figs 7 and 8 (a and h) show the results in two t)^ical experiments out of 26 
made on killed mice In the experiment illustrated by Text-fig 7, plam Locke’s 
solution was employed, in that represented by Text-fig 8, a mixture of Locke’s solu- 
tion with K per cent of dye In both instances the test fluids failed to enter the 
tissues when brought mto contact with the skm at atmospheric pressure Subjected 
to pressures of 2 0 to 5 0 cm of water, the fluids entered the tissues m a contmuous 


'Time 



Tlow in 6 mm (c mrrO 

Text-Fig 6o 



Text-Fig 6 6 

Text-Figs 6 a and b The rate of entrance of a relatively unabsorbable flmd 
homologous serum, at various pressures 

manner, and there was almost no sign of the intermittent flow which takes place 
when Locke’s solution is forced by similar pressures mto living skin (9) It will be 
noted that in both experiments a sudden increase in the rate of entrance of the test 
fluids (“breaking point”) appeared when the pressure of the introduced flmd was 
raised to 7 0 and 9 5 cm of water, respectively 

The findings m these two experiments were like those obtained with livmg 
animals except for the fact that plam Locke’s solution did not enter the skm 
at atmospheric pressure The other twenty-four experiments of this group 
yielded similar results “Breakmg points” appeared at the same pressures 
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Text Figs 7 a, b, and 8 a, 6 The rate of entrance of Locke’s solution (Text fig 7) 
and of edema forming dye-Locke’s solution (Text fig 8) at various pressures into the 
skin of recently killed mice 
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as in the experiments on hvmg ammals, that is to say, at a pressure of about 
8 5 cm of water on the average In rare instances “breakmg pomts” appeared 
at a pressure of 5 0 cm of water or faded to appear imtd the pressure was 
raised to 12 0 cm of water The findmgs showed clearly that the resistance 
to the entrance of fluid into the skin of recently kiUed ammak is like that 
offered by the skin of the hvmg It follows that the circulation has nothmg 
to do with it The conclusion seems justified that the “breakmg pomt” is 
due to the givmg way of some structural bamer to inflow 

The Entrance of Fluid into Edematous Skin 

Edema of the skm much affects the entrance of fluid 

In 39 experiments edema was induced m the skin of the ear by pamtmg it with 
xylol This procedure had been found effective m inducmg edema in scores of earher 
experiments (10-14), as shown by the appearance of the skm under the microscope 
and by “pittmg on pressure” exerted with a small needle The edema was pronounced 
m the present experiments and the appearance of the skin proved a sufficient indicator 

In all of the 39 experiments the dye-Locke’s solution was employed and observa- 
tions on the entrance of fluid mto the tissues were made as already described In 
fourteen cases observations were begun 15 to 20 mmutes after painting the ear with 
xylol, that is to say, while the edema was developmg (12) In ten of the remaimng 
25 experiments tests were made 1| to 6 hours after pamtmg the ear with xylol, m 
eight instances 20 to 24 hours later, and m seven instances 4 to 11 days later In 
them all the test fluid was brought mto contact with the connective tissue of the skm 
in the usual way and the fluid reservoir was then opened to the atmosphere, to find 
whether the tissue contained freely movable edema fluid under pressure \Vhen 
that was the case it flowed back into the pipette The backflow was always inter- 
mittent It occurred in twelve of fourteen mstances m which studies were made 
withm an hour after pamtmg with xylol, that is to say, while edema was developmg 
It also took place m all of the ten mstances investigated I5 and 6 hours after induction 
of edema, but only m half of the eight studied 20 to 24 hours after the xylol pamtmg, 
despite the fact that the ears were still swollen Still later, 4 to 11 days after edema 
had been induced, backflow occurred into the injection apparatus m six of the seven 
trials made In all seven edema of the skin was still visible at this time 

After It had been ascertained that edema fluid was present, the pressure in the 
mjection apparatus was raised by small increments for varying penods of time and 
the changes in the rate of flow inwards of the dye-Locke’s solution were followed as 
m the precedmg experiments 

In Text-fig 9 the findings from seven typical expenments are given, to show 
the changes in the rate of inflow of the dye-Locke’s mixture when introduced 
mto the edematous skm under various pressures The curves are plotted as 
m Text-figs 3 and 5 We have omitted from them the initial backflow mto 
the apparatus which occurred m most of the expenments when the pipette 
was opened to the atmosphere It is noteworthy that m most of the mstances 
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there was no well defined elbow m the curve, at best an lU defined one, or often 
indeed none at all, like that which is indicative of the existence of a ^Tireaking 
point" when fluid is forced into normal skin (wde Text figs 3 and 5 and the 
other figures plotted in. the same way) The instances showing evidence of 
an elbow were usually those wnth the least or most recent edema, as will ap 
pear further on 



Text Fig 9 The rate of entrance of dye Locke’s solution at various pressures into 
edematous skin The relationship of pressure to flow is plotted as m the precedmg 
text figures of the same sort In contrast with what they show, each small increase m 
pressure m the present instance was attended by a significant mcrease m the rate of 
flow In some instances there was nevertheless a 'breaking point" beyond which 
fluid entered faster 

Lmes 1, 2, 3, and 4 represent the findings m four of the fourteen experiments 
made an hour or less after painting the ears with xylol, that is to say, during 
the formation of edema Lmes I and 2 represent typical findmgs from in- 
stances which showed much free edema fluid, as judged by the amount of 
backflow into the apparatus dunng the prehmmary test of conditions Line 3 
IS a typical curve plotted from the findmgs in an instance which showed very 
httle edema fluid, and line 4 is taken from one of the two instances of the four 
teen studied during the development of edema, m which there was no backflow 
into the apparatus although die skm was obviously edematous It is to be 
noted that lines 1 and 2 do not mount like lines 3 and 4, that is to say, rela 
tively low pressures had a much greater effect on the entrance of fluid in the 
experiments from which the first pair of lines was drawn Further, it is of 
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interest that lines plotted from experiments in which there was little or no 
demonstrable edema flmd, lines 3 and 4 respectively, show an elbow, as if the 
edema had not wholly done away with a “breakmg pomt ” These findmgs 
are typical of the data from expenments that have been omitted from the 
figure for the sake of simphcity In about half of the instances showing much 
edema fluid the findings were generally hke those plotted m Ime 1, yieldmg 
no evidence of a “breakmg pomt,” whereas m the others a faurly well defined 
elbow appeared, as in Ime 2, m spite of the presence of edema flmd 

The two lowest hnes, 5 and 6, in Text-fig 9 show the findings m two m- 
stances typical of the ten expenments in which the tests were begun 1| to 6 
hours after pamtmg the ear with xylol Li every instance backflow occurred 
at atmosphenc pressure, showmg that there was free fluid present in the skin 
Lmes 5 and 6 are drawn from expenments made 5 and 4 hours, respectively, 
after pamtmg the ear with xylol In both of these instances there was much 
backflow mto the apparatus at the beginning of the experiment when the 
dye-Locke's solution was brought mto contact with the tissues at atmosphenc 
pressure The dotted Ime 7 gives the findmgs m an expenment made 5 hours 
after pamtmg the ear with xylol La this instance there was only a httle 
demonstrable edema fluid and the line slants more sharply upward than hnes 
S and 6 It is plam that the test fluid mtroduced mto the skin m this expen- 
ment at mcreasmg pressures did not pass mto the tissues as readily as m the 
instances that showed much free edema fluid Nevertheless there was no evi- 
dence of a “breakmg pomt ” 

The findmgs from the expenments made 20 to 24 hours or more after pamtmg 
the ears with xylol are not shown, for when plotted the data yielded hnes 
similar to those numbered 5 and 6 

The findmgs plotted m Text-fig 9 have been selected as typifymg the 
changes that occurred, but deviations were frequent The rate of movement 
of fluid mtroduced at a given pressure was not always greatest when the skm 
contamed most fluid as evidenced by the grade of edema, nor was the flow 
mwards at a given pressure always greater in ears edematous several hours 
than m those pamted only an hour before Some of the individual differences 
can be explamed no doubt by differences m the pressure under which the 
edema fluid was held, or by differences m the mterstitial pressure, a factor to 
be discussed m a later paper 

As already noted, in some instances if the edema fluid m the tissues was 
apparently scant, there was suggestive evidence of a partial “breakmg pomt,” 
as mdicated by a suddenly lessened slant of the plotted lmes 

On comparmg Text-fig 9 with Text-figs 1 6 to 8 6, mdusive, it will be seen 
that the lines m the latter run almost vertically in the early part of the expen- 
ments, showmg that pressures between 2 0 and 8 0 cm of water effected no 
significant mcrease m the movement of fluid mto the skm Not until the 
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‘TDreakmg point” -was reached did a significant increase m flow take place 
In Text fig 9, on the other hand, the slope of the lines shows that each small 
increase in pressure above that required to initiate flow into the tissues resulted 
m a significant increase in the rate of flow This was true, to a greater or 
less extent, m all of the 39 experiments on edematous ears The lines are far 
from vertical in the first portion of Text fig 9 and as the pressure was raised 
many of them became approximately straight The significance of this differ- 
ence will be discussed below 

DISCUSSION 

Tlie findings throw bght upon the manner of movement of interstitial fluid 
through connective tissues The resistance of dermal tissue to the entrance 
of the test fluids at the rate at which locke’s solution is taken up at atmos 
phene pressure \vas negligible But the skin offered a definite obstacle to the 
entrance of fluid at a faster rate Regardless of the fluid employed, the rate 
of flow into the skin did not increase appreciably as pressure was increased, 
until a %reakmg point” was reached Since no relationship was found be- 
tween the rate of fluid entrance into the skm and the pressure employed until 
this point had been attained, the findmgs yielded nothing to suggest the pres- 
ence of preformed spaces or channels through which fluid might stream On 
the contrary they mdicated that there are no such spaces or channels But 
after the "breaking point” had been reached each further increase m pressure 
led to proportionate mcreases m the rate of flow of the mtroduced fluid irrespec 
five o( the character of this, with result that a hncar rehtionship developed 
between the increases in pressure and the flow This was roughly constant 
for each animal but differed from individual to mdividual, as the slope of the 
Imes in the text figures show 

At pressures above the "breaking point” fluid moved through the tissues 
as though m small spaces or channels From the fact that the "breaking 
pomt” occurred at the same level regardless of the fluid employed, one can 
infer that it was determmed by the mechanics of the situation, by the bulk of 
the fluid introduced The possibility that circulatory changes could account 
for it has been ruled out by the experiments which showed that it occurred 
at the same pressure m the skm of living animals and in those killed with 
ether Obviously it signified a separation of the formed elements, resultmg 
from the pressure of the introduced fluid Inevitably such a change must 
always occur when fluids are injected into tissues by hand, as m clmical medi 
erne, for under these circumstances, as will be shown m later w ork, the pressure 
of mjection is far higher than that required to exceed the "breakmg pomt ” 

This abrupt change m the characteristics of fluid movement through the 
mterstitial tissue of the skm makes plam a fact suggested by earher work 
(13, 14), that mterstitial fluid does not exist normally m tissue spaces large 
enough to permit it to move freely 
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PRESSURE IN THE MOUSE 
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A method for the determination of the blood pressure of the mouse without 
injury to the animal will be bnefly desenbed m the present paper, together 
with certam observations upon the changes of pressure under vanous physio^ 
logical conditions The method has the advantage that it enables the pres 
sure to be taken while mjections into a vem of the tail are m progress 

Prevtoxts TVjjrJb —Recently Bonsmann (I) reported a method to determine the 
blood pressure m the tails of mice and rats A specially designed cui! enclosed the 
tail except for its tip which lay under a photoelcctnc cell Blood was driven out of the 
tail by pressure in the cud and when it was allowed to return the resulting change of 
color in the tip of the tail was registered by the «U and the pressure was read off 
More Will be said of Bonsirtsna's SadiBgs below As the method employed the &m 
mal's tail, it was not suited to our purposes Still more recently Diar and Levy (2) 
and Hamson and Grollman (S) have published excellent methods to de 

termine the blood pressure in the rat, but their methods also mvolve utilization of the 
animaVs tail 

Griffith (4) has reported a method to measure the blood pressure m the legs of the 
rat In his work the blood vessels of the skin of the foot were observed while pressure 
was exerted on the thigh by means of a cuff We have modified the method of 
Griffith, observing the return of blood to the daws of the hind feet of mice 

The Method 

The claws of the hmd legs of mice were found to be transparent to the 
focused and cooled beam of a carbon arc light Under these circumstances, 
as will be shown below, the entire arculation of the nail bed, indudmg the 
afferent and efferent vessels and the capiUanes, becomes visible under a bm 
ocular microscope One can see with ease the moment at which penpheral 
arculation ceases in the daw, if pressure is exerted higher up on the leg by a 
aiff, as m dmical methods for determimng blood pressure One can note too 
with great accuracy the moment that arterial arculation begins anew when 
pressure is gradually released Readings can be made more accurately by 
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observing the circulation in the claw than by matching the circulation in the 
skin of the leg, for, as Griffith (4) has pointed out for the rat, there is difficulty 
in determining whether or not the smaller cutaneous vessels seen under the 
microscope are arterial or venous ^ 

Mice of 16 to 35 gm body weight were anesthetized by a single intraperitoneal 
mjection of nembutal or luminal Nembutal was given as a 1 per cent solution, 0 5 
cc per 25 gm of body weight, luminal as a 2 per cent solution in doses of 0 125 cc 
for every 10 gm of body w eight In the dosages employed, the lummal usually pro- 
duced a deeper and longer anesthesia, but, as will be seen below, the depth of anes- 
thesia varied greatly from animal to ammal at any given time after the injection 

The Pressure Apparatus — It is difficult to arrange a blood pressure cuff about the 
upper part of the leg of small mice, for the leg is so shaped that the cuff when inflated 
tends to slip toward the foot It was necessary to prevent this in some way The 
following means was employed — 

The board on which the anesthetized mouse lay consisted of pieces of cork cemented 
together It was hoUow'ed out, as shown m Fig 1, and two movable strips of celluloid 
w'ere laid over the hollow These strips could be shifted to accommodate animals of 
different sizes Two smaller celluloid plates, 6 cm long and 2 cm in height, were set 
upnght and parallel to each other into other smaDer pieces of cork board, as shown in 
the figure These celluloid strips stood 15 cm apart Through each plate of cellu- 
loid three holes were bored, 1 cm m diameter, large enough to allow the anesthetized 
ammal’s hmd legs and tail to pass through without meeting obstruction When the 
animal was placed on its back, as shown in the photograph, and one leg was drawn 
through the holes, a segment of the thigh 15 cm in length lay between the two cellu- 
loid plates and about 0 7 cm above that portion of cork board shown in the figure at A 

A small rubber blood pressure cuff had been constructed, of such size that when 
deflated it could be passed about the animal’s thigh, just filhng the space between the 
parallel pieces of celluloid and the board at A A ribbon-hke strip of steel, just w ide 
enough to fit between the celluloid plates and bent in a semicircle, was placed over the 
cuff w'hile the latter was still deflated, as indicated at C in Fig 1 Through holes 
bored in both celluloid plates pins, not shown in the figure, were passed horizontally 
just above the metal strip WTien inflation of the cuff was begun, the pins prevented 
the metal strip from rising As result, the cuff was held against the leg by the metal 
strip above, by the cork board below, and by the celluloid plates at each side, and was 
so retained by these structures that pressure came upon that portion of the leg which 
lay between the celluloid plates The latter, in addition, prevented the cuff from 
shpping up or dowm the leg The cuff was connected wnth a mercury or water ma- 
nometer m the usual way and with an inflating bulb 

To make visible the circulation in the nail, the rays of a Leitz carbon arc hght were 
cooled by passage through 5 cm of water and focused, by an adjustable concave 
mirror, upon the claw to be exammed For simplicity this part of the apparatus has 
been omitted from the photograph m Fig 1 The bnUiant hght transiUuminated the 

^ It may be noted in passing that the circulation in the claw of rats, even of young 
ones, can be seen only with difficulty 
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claw and when the room was m darkness the circulation of blood and mo\ ement of the 
individual red cells in the capillaries could be easily seen with the aid of a microscopie 
In each expenment the light was focused in turn upon each of the five claws and the 
arculation m each examined The claw >icldmg the dearest picture of its blood 
vessels ^vas selected The blood vessels were best seen when the ra>*s of light entered 
on the con\ ex surface of the claw 

The vascularization of two claws is shown m Figs 2 and 3 To obtain 
Fig 2 an anesthetized mouse, 27 gm in body weight, was slowl> injected mto 
a vein with 1 cc of a solution of Higgins India ink diluted six times with a 
0 9 per cent NaCl solution containing 1 3 per cent of gelatin After this had 
entered the circulation, the animal was bled from the jugular vein while a 
second cubic centimeter of tlic ink solution was injected A few minutes after 
the injection the foot wois removed and placed m ice water for 15 minutes and 
then m cold alcohol for half an hour, after which it was partially deared m 
methyl salicylate for 24 hours The vessels, magnified 100 times as seen in 
the photograph, have approximately the same caliber as in life and appear 
much as thej do durmg the measurement of blood pressure In order to 
avoid dilatation of the v essels it wns necessar> to mal e an incomplete injec- 
tion, and as result the picture does not bring out all the vessels present 
Further, in a photograph it is impossible to indudc all the vessels since they 
cannot be brought mto one plane The richness of the circulatory bed of the 
claw IS better demonstrated m Fig 3, which was obtained under the same 
circumstances as Fig 2, except for the fact that the injection material con 
sisted of 4 cc of a mixture of 8 per cent gelatin solution with equal parts of 
undiluted Higgms India ink It will be seen on comparison with Fig 2 that 
the smaller vessels are much dilated During hfe blood ^lo^vs toward the pe- 
riphery in the smaller vessels of the plexus at the center of the picture and 
returns in the two large marginal vessels 

The iiteasitrcmctit of blood pressure was earned out m the following manner The 
cufl was rapidly inflated to a pressure estimated to be just above the systolic blood 
pressure, which wU be seen below to vary somewhat with the stage of anesthesia and 
the condition of the animal If the movement of blood continued in the claw, the 
pressure m the cuff was raised slowly until it ceased When cessation of arculation 
was attained the pressure in the cuff was lowered by stages of 10 mm of mercury, 
allowing it to remain at each level for 2 ramutes When flow first appeared in any 
of the vessels of the claw, the pressure was recorded and the cuff deflated After 
2 or 3 minutes the cuff was again blown up, this tune to a pressure a few millimeters 
of mercury higher than that just recorded When all flow m the claw ceased, the 
pressure was lowered 2 or 3 mm. of mercury at a time, with a wait of a minute or 
two at each new pressure until a shght movement of red cells appeared m one or two 
of the small vessels in the central portion of the plexus near the base of the claw, the 
region indicated in Fig 3 by an arrow The sli^t movement usually lasted for only 
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a few seconds and then ceased, as though it had been caused by a readjustment of 
fluid in the vessels and not by true blood flow In most instances no further flow took 
place and a minute or two later the pressure in the cuff was lowered 2 or 3 mm of 
mercury As result, a pulsating flow of cells, toward the extremity of the toe, usually 
made its appearance, first in one or two channels, then in most of the vessels of the 
plexus In some instances, without any lowering of the pressure, the slight imtial 
movement of cells was followed by the pulsating flow, while in rare cases this failed 
to appear until the pressure had been lowered several times by 2 or 3 mm of mercury 
As a rule, a few seconds after the pulsating flow of cells began the flow became con- 
tinuous through all the small channels of the plexus For a httle while, as the pressure 
was maintained in the cuff, the cells accumulated in the larger collectmg vessels at the 
edge of the plexus, but after half a mmute, or shghtly more, blood flow usually es- 
tabhshed itself in these vessels too If the arculation failed to become complete 
withm one or two mmutes the pressure m the cuff was reduced by 2 or 3 mm of 
mercury and mvanably flow appeared in all the vessels If the final reduction of 
pressure was not made, the circulation eventually established itself, but sometimes 
only after several mmutes 

For reasons to be discussed below, we have taken as the s 3 rstolic blood pres- 
sure m the leg that pressure found m the cuff at the moment when the pul- 
sating flow of blood first appeared m the small vessels of the claw and became 
contmuous As routme, to avoid undue congestion of the foot, pressure m 
the cuff was released as soon as the systohc pressure had been determmed 
In all instances two pressure determmations were regularly made m the manner 
just described and the average of the readings was taken, if agreement was 
good When the readmgs varied by more than 5 mm of mercury, a third 
determination was made and the three readmgs averaged 

Control Experiments 

The question arose, were we measuring the true sj^tolic pressure in the 
large arteries of the thigh or did the apparatus merely obstruct blood flow 
m the skm and daw? To test this point two series of control experiments 
were made In the first, dye was injected into a tail vem while various pres- 
sures were mamtamed m the pressure cuff In the second series of control 
experiments blood pressure was determmed directly from the carotid artery 
and compared with simultaneous measurements obtamed from the leg by the 
method just described 

Results of the Injection of Dye into the Circulation during Measurement of the Blood 
Pressure — In twelve experiments, after the systohc blood pressure had been measured 
m the leg as just described, the cuff was inflated to a pressure higher by 2 to 4 mm 
of mercury After ascertammg that flow m the daw had ceased, 0 05 cc of a 5 4 per 
cent, isotomc solution of a vital dye, pontamme sky blue, was injected mto the tail 
vem This dye solution, the preparation of which has been descnbed (5), has been 
used by us m larger or smaller doses m much previous work (5-8) The mjections 
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employed here colored the animals well except m the portion of the leg and foot below 
the pressure cuff After a fe^ minutes, during which color still failed to appear m the 
occluded foot, the pressure in the sphjgmomanoracter cuff was lowered by a few 
millimeters of mercury until the pulsating flow of red cells made its appearance m the 
minute vessels of the claw 

This procedure invanabl> was attended by blue coloration of the leg and 
foot This had been absent previously, showing that there was no blood flow 
to the tissues of the foot or lower leg at pressures above the one we accepted 
as the penpheral systolic pressure 

The second senes of control experiments involved simultaneous blood pres- 
sure readings in the leg b> the method described above, and in the carotid 
arter> by direct cannulation of the latter 

Direct Measurement of the Carotid Blood Pressure of ike M ouse — ^Micc anesthetized 
with nembutal or luminal were injected intravenously with 0 1 cc of a hepann solu 
tion, to units to thecc They were placed on the board shown in Fig 1, covered with 
hght layers of cotton, and kept warm by means of electnc lights placed near the body 
Half an hour later one carotid artery was exposed and cannulaled with a gauge No 27 
hypodermic needle, employing a binocular microscope for its insertion During this 
manipulation the artery was occluded with a rubber tipped bulldog clamp To 
prevent all loss of blood during the measurement of blood pressure, the apparatus 
shown m Fig 1 was employed The cannubting needle, previously filled with hepann 
solution was connected with a three way stopcock and this m turn was affixed to a 
0,2 cc. Bureau of Standards pipette bent at right angles, as shown m the figure 
The pipette was also filled with hepann solution but contained a mmutc droplet of 
mercury m the center of the graduated portion A manometer m circuit with a device 
by which any desired pressure could be brought upon the contents of the pipette was 
connected with the latter as sho\vn m the figure The device need not be desenbed 
in detail here as that has already been done in carher work (9), while furthermore, the 
prmciples of its operation are clear from the photograph (Fig 1) 

During the insertion of the needle into the artery and while it was being tied in 
with very fine silk thread the stopcock was turned m such a way that the contents 
of the needle was shut off from that of the pipette The clamp on the artery was then 
released and a pressure of about 100 mm of mercury was put upon the contents of 
the pipette The stopaick. was then turned for a second or two to allow commumca 
tion between the nce^e and the pipette manometer system Since the pressures in 
the pipette and the carotid artery were usually not equal, the droplet of mercury in 
the pipette began to move either toward or away from the artery The stopcock was 
immediately closed and the pressure in the pipette-manometer circuit either mcreased 
or decreased by raising or lowering the leveling bulb B, shown m Fig 1 Agam the 
stopcock was opened to permit communication between the needle and the pipette 
and the droplet of mercury allowed to return to its ongmal position These adjust 
ments were repeated as often as necessary until the pressure m the pipette just bal 
anced that m the carotid artery and the mercury droplet merely pulsated m the 
pipette but did not flow m either direction 
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A Comparison of the Findings Obtained by the Two Methods Just Described — 
lii fourteen expenments simultaneous readmgs of blood pressure m the carotid 
artery and in the leg were successfully obtamed As a rule, the readmg of 
the manometer attached to the carotid artery was a few millimeters higher 
than that attached to the cuff when the cells m the mmute vessels of the claw 
first manifested the pulsating movement already described, which later, and 
without change m cuff pressure, became continuous Better agreement be- 
tween the two methods was sometimes found if the pressure in the cuff was 
read at the moment when the first irregular movement of cells occurred m 
the smallest vessels of the obstructed claw But, as already mentioned, the 
first irregular movement of cells m the small vessels of the claw sometimes 
ceased and was not resumed again unless the cuff pressure was lowered by a 
few millimeters of mercury It was felt that this movement might simply be 
the expression of readjustment of blood m the vessels foUowmg the early re- 
lease of pressure m the cuff and the phenomenon was not as clear-cut as the 
appearance of the pulsatmg flow 

In some expenments many readmgs were taken by observation of the daw 
and while domg so the cuff was repeatedly inflated or deflated In these m- 
stances pronounced edema of the foot and lower leg developed Under these 
circumstances the first appearance in the capiUanes of the pulsatmg flow which 
later became contmuous occurred at cuff pressures which became progressively 
lower than the direct carotid blood pressure readmgs, eventually by as much 
as 10 to IS mm of mercury The findmg wfll be discussed below It was 
evidently advisable to make as few blood pressure determmations as possible 
m any one experiment and none was attempted if swellmg or edema of the 
foot appeared 

A companson of the blood pressure findmgs obtamed by the two methods 
appears m Tables I to m, which will be discussed below For the present 
it will suffice to say that a comparison of the figures in the 4th and 5th columns 
mdicates a remarkably good agreement From this it is clear that the method 
for determining blood pressure by observation of the circulation m the claw 
IS adequate for most purposes 

Variations in the Blood Pressure of Mice 

Under the circumstances of our studies the blood pressure of the mice dif- 
fered greatly, and the pressure m individual animals also varied much from 
tune to time Because of the lack of data on the blood pressure m mice, it 
seems necessary to present a record of the variations we have encountered, 
m order that others may know of them who wish to employ the method de- 
scribed 

It IS generally known that animals under deep anesthesia have a lower blood 
pressure than those hghtly anesthetized, and furthermore, that blood pressure 
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The blood pressure measurements from the carotid and by way of the pressure 
cuff on the leg were made simultaneous!} 
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vanes greatly with changes m the physiological state Our findings ui the 
mouse are m accord with this knowledge (Tables I to m) 

The physiological state of the animals vaned much from instance to instance In 
some animals cannulation of the carotid artery was done rapidly and with ease, m 
others slowly and with difficulty The trauma of the operation and manipulation 
of the needle in the tissues of the neck must have much influenced matters Further, 
we desired to measure the blood pressure m animals as lightly anesthetized as possible 


TABLE IV 


TExperi 

meat 

No 

Tune after 
injection 
of the 
anesthetic 

Blood 
piessuie m 
tbe}ee 
"Cuff 
method” 

Cbmment on depth of anesthesia 


hrs 

jnm ffg 


1 

14 

76 

No response on pnckmg tail deep anesthesia 


% 

84 

Response on pnckmg tail moderate anesthesia 


1 

lOS 

Occasional movement of legs hght anesthesia 


1 ^ 

109 

Frequent movement of legs very hght anesthesia, at 
1 hr 40 mm withdrew leg from cuff and ran off 

2 


80 

Response to pnckmg tail moderate anesthesia 

1 


82 

(( tt (( (t tl t( 
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98 
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1 

104 

Occasional movement of legs hght anesthesia 


H 

106 

U ({ ft tt ft C( 


If 

114 

Frequent movement of legs very hght anesthesia 



— 

At 1 hr 44 mm withdrew leg from cuff and ran off 

3 


^2 

No response on pnckmg tail deep anesthesia 



88 

Shght response on pnckmg tail moderate anesthesia 


H 

98 

Occasional movement of legs hght anesthesia 



118 

Frequent movement of legs very hght anesthesia, at 

1 hr 32 mm withdrew leg from cuff and ran off 


Blood pressure readings made by the "cuff method” alone in mice anesthetized with nem- 
butal and subjected to no trauma As anesthesia became hghter the blood pressure rose 


The amount of nembutal given was just sufficient to mamtam anesthesia during the 
average time required for cannulation of the carotid artery As the time required 
to perform the cannulation varied much, the uutial blood pressure readings were 
made m some mstances as early as 35 minutes after givmg the anesthetic (Experiment 
3, Table I), while the animals were still deeply under its influence In other instances, 
as m Expenments 4 (Table I) and 9 (Table 11), the initial blood pressure readings were 
not obtamed until 1§ hours after givmg the nembutal, and the animak were m a state 
of hght narcosis rather than anesthesia Apart from these differences, the response 
of some of the animals to the uniform dose of nembutal vaned much Some remained 
deeply anesthetized for penods of approximately 1§ hours, Expenments 6 (Table I) 
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TABLE V 


Expcrl 
ID cot 
No 
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of the 
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2i 

62 

“ 


li 

68 

• 


3 

95 

Light 


2 

76 



3i 

102 

Verv hght 









15 

1 

93 

Very light 

3 

1 

72 

Deep 


li 

88 

< 


li 

72 


li 

86 



li 

82 

Moderate 


2i 

93 



2i 

82 

Light 






3 

93 

Very hght 

16 

1 

105 







li 

112 


4 

li 

69 

Deep 


2 

111 

* 


li 

76 



2i 

114 



2i 

87 

Moderate 


3 

114 



3 

94 






5 

1 

96 

Deep 






li 

90 







2 

72 






6 

1 

81 







li 

81 







2 

92 






7 

2i 

60 







3 

62 






8 

li 

78 







2 

80 






9 

li 

71 







Blood pressure readings made by the cuff method alone m mice anesthetiied 
with lununal and subjected to no trauma The table shov.’s a correlation between the 
depth of the anesthesia and the level of blood pressure 
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and 15 (Table H) The three animals given lummal (Table m) also remained 
deeply anesthetized 

In all the experiments the depth of anesthesia or narcosis was judged from time to 
time by the animal’s response to a hght puS of an mto the nostrils or a slight pm pnch 
in the skin of the tail In the tables the depth of anesthesia at the time of each read- 
ing has been recorded as “deep,” “moderate,” “hght,” or “veiy light ” By deep 
anesthesia is meant surgical anesthesia with loss of reflexes, by moderate anesthesia a 
stage in which the animal responded to the stimuh mentioned above by a momentary 
twitch Dunng light anesthesia mice without direct stimulation made occasional 
spontaneous movements tendmg to withdraw the leg from the cuff, and when the 
state of anesthesia was very hght these movements became frequent 

Li Table I, Expenments 1 to 3 summanze the findings from three of six 
animals which recovered from the anesthetic sufficiently to withdraw the leg 
from the pressure cuff a few minutes after the last readmgs were taken It 
IS clear from this fact that the anesthesia had almost entirely worn off In all 
instances, the hghter the anesthesia the higher were the blood pressure readmgs 
In three other expenments (4 to 6, Table I) the blood pressure fell as time 
passed The data of Experiment 5 illustrate the fact mentioned earher, that 
repeated estimations of blood pressure by the cuff method sometimes led to 
the development of a discrepancy between the pressure readmgs taken from 
the leg and those obtamed from the carotid arteiy In this mstance the ex- 
penment lasted for hours, and the animal obviously suffered from shock 
and exposure Ten measurements of blood pressure m the leg were made, 
each in duplicate or tnphcate The foot showed visible edema after the fourth 
determination, as mdicated m the table, and with the passage of time the 
edema increased Similar findmgs appeared m other expenments, which need 
not be included in the table 

Table II gives the data from rune expenments m which smgle pressure 
readings only were attempted It will be seen that there was a rough correla- 
tion between the level of the blood pressure and the depth of anesthesia when 
judged as descnbed earlier Fmally, Table IH shows the blood pressure read- 
mgs that were obtamed from three animals anesthetized with lummal Though 
aU were in the state of deep anesthesia, the first animal Ij hours after givmg 
the anesthetic showed a higher blood pressure than the others 54 of hour 
after receivmg lummal 

Tables TV and V show well the variations m blood pressure that have been 
found m mice which were deeply, moderately, or hghtly anesthetized with 
nembutal or lummal In these experiments the ammals were not operated 
upon and they lay quietly on a warmmg pad with one leg m the pressure cuff 
In most of the experiments blood pressure determmations were made from 
time to time while the animals recovered from the anesthetic The three 
mice of Table IV recovered sufficiently to withdraw the leg from the pressure 
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cuff and run off Inspection of Table V shows that m most of the hghtly 
anesthetized mice the blood pressure was rclativcl> high 1 to 2 hours after 
injecting the anesthetic (Experiments 12 to 16, inclusive) In the animals 
deepl> anesthetized (Experiments 1 to 9) the mitial readings were low in com- 
parison with the later ones 


COMMENT 

The data of the tables indicate, as might have been expected, that the blood 
pressure of mice lightly anesthetized with nembutal or luminal was higher 
than that of animals deepK anesthetized 

Bonsmann (1), studying the blood pressure m the tail of mice by means of 
a pressure cuff and photoelcctnc cell, found a 20 to 45 per cent reduction m 
the pressure after admmistration of 30 per cent of tlie fatal dose of chloral 
hydrate and morphine The blood pressure of the mouse as reported by him 
varied from 70 to 100 mm of Hg, figures lower than those of the present work 
m which It varied from 60 to 126 mm of Hg We attribute the difference 
to the accuracy of the present method 

SmOUARY 

Advantage has been taken of the relative transparency of the claw of the 
mouse to devise a method, here described, to measure the blood pressure m 
the animal's leg Direct measurements of the systolic blood pressure from 
the carotid artenes of anesthetized mice ha\e also been made Simultaneous 
blood pressure readings by both these methods apphed to the same animal 
showed dose agreement 

The ^tolic pressure ranged from 60 to 126 mm Hg, accordmg to the 
conditions 
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EXPLANATION OF PLATES 

These photographs were made by Mr Joseph B HauIenbeeL 

Plate 4 

Fig 1 Apparatus for the determination of blood pressure in the mouse by way of a 
pressure cuff on the leg and the carotid artery (see text) 




Plate 5 

Figs 2 and 3 Blood vessels in the claw of the mouse after injection of a gelatin 
mass containing India ink XlOO 
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THE SWINE LUNGWORM AS A RESERVOIR ANT) INTERMEDIATE 
HOST FOR SWINE INFLUENZA VIRUS 

I The Presence or S^VINE Intluenza Virus in Healthy and 
Susceptible Pigs 

By RICHARD E SHOPE, M D 

(From Ike Departmenl of Anmal and Plant Pathology of The Rockefeller Institute for 
Medical Research^ Pnnulon, Nev) Jersey) 

(Received for publication, March 22, 1941) 

In this senes of papers data will be presented which demonstrate the fact 
that the swine lungworm serves under natural conditions as a reservoir and 
intermediate host for the swme inlluenaa virus The virus can persist m a 
masked form withm its worm host for long penods of tunc, and months or 
even years may elapse bet\seen its transmission from one swme to the next 
The penod dunng which the virus survives m the lungworm is more than 
adequate to account for its persistence between epizootics of swme in£uenza 
In this first paper facts will be presented which show that healthy susceptible 
pigs sometimes contam the swme influenza virus and may undergo attacks 
of influenza if the virus is provoked to activity by multiple intramuscular 
mjections of the bacterium Hemophilus influenzae suts (1) 

Of the two agents which act m concert to cause swme influenza (1), it has 
been shown that the bacterial component, E influenzae sutSj is capable of 
ehcitmg an immune response that affords only partial protection agamst the 
disease (2) Swme mfluenza virus vaccines, on the other hand, confer a 
complete immunity to swme mfluenza (3) The observations now to be re- 
corded were made as a result of further study of the use of H influenzae suis 
vacemes m the prophylaxis of swme influenza 

Swine Influenza Precipitated by Inoculation with Hemophilus influenzae suts 
Vaccines 

Preparation of H influenzae suts Vaccines — Cultures 18 23, and 28 E influenzae 
suis onginally obtained from naturally occurring field cases of swme influenza, were 
pooled for use in the experiments The 48 hour growths from potato extract-chocolate 
agar slants were scraped off and suspended in a small amount of physiological sahne 
These suspensions were then centnfuged in graduated tubes for K hour at 1600 to 
1800 R J VL The volume of bactenal sediment was noted, after which the sediment 
was resuspended m suffiaent physiological sahne to make a final 1 per cent by volume 
suspension Part of the suspension removed to use as livmg vacane while the 
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ehatmg an immune response that affords only partial protection against the 
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complete immunity to swme influenza (3) The observations now to be re- 
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vacemes m the prophylaxis of swme mfluenza 
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Preparation of H influenzae suis Vaccines — Cultures 18, 23, and 28 B influent 
suis originally obtained from naturally occurring field cases of swme mfluenza, were 
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suspension Part of the suspension was removed to use as hving vaceme, while the 
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remainder was heated at 57 C for 30 minutes in sealed tubes submerged m a water 
bath All heated suspensions proved stenie when planted on media capable of sup- 
porting the growth of B influenzae suts 

Two of the strains used, 18 and 23, had been under cultivation sufficiently long 
that, while still capable of producing influenza when given mtranasally to swme m 
mivture with swine influenza virus, they no longer transferred with the virus from sick 
to normal animals by contact (4) Strain 28 on the other hand had been but recently 
isolated and, with the virus, transferred readily from swine to swine by pen contact 

Source of Experimental Svnne Employed — Ordinarily, swme reared on the Institute 
farm are employed in experimental work However, at the time that the present 
expenments were being conducted the supply of swme of our own rearmg was limited 
making it necessary to purchase outside animals for use 27 of these were obtained 
from a breeder in whose swme drove swme influenza had never appeared, to his know- 
ledge In a prehminary experiment 2 of these animals were tested for susceptibihty 
to swme influenza by intranasal inoculation wuth a mixture of swme influenza virus 
and the bacterium H influenzae suts and found to be fully susceptible The remainder 
were bled, and samples of their blood sera tested for the presence of neutrahzing anti- 
bodies for swme influenza virus In a serum dilution of 1 2, three serum samples 
were found capable of partially neutrahzing swme influenza virus These three sera 
contained sufficient antibody to protect mice against death but not against the pro- 
duction of lesions when the usual neutrahzation technique was employed (5) This 
type of finding was different from what might have been expected had the antibodies 
arisen as the result of previous swine influenza infection, for serum from swme re- 
covered from an attack of swme influenza neutrahzes the virus completely m quite 
high dilution At the time, the finding of partially neutrahzing antibody in the sera 
of 3 of the ammals was tentatively relegated to the vague classification of natural 
antibody, and the 3 animals supplying the sera were used in experiments other than 
those under discussion The remauung swme in the group purchased were considered, 
on the basis of absence of neutrahzing antibody in their sera and the full suscepbbihty 
of representative members of the group, not to have had previous expenence with 
swine influenza and to be satisfactory for use in swme influenza expenments The 
animals were about 2 months of age when purchased and were kept under observation 
m semi-isolation for almost 2 months prior to their introduction into the present 
experiments They were aU found to be infected in varying degrees with ascans and 
lungworms, parasites which from past experience were not considered to influence 
materially the course of a swine influenza infection 

Atlcmpted Vaccmahon of Simne with Heated and Living E influenzae suts — 
Durmg December of 1936 each of 4 swme was given three mtramuscular m- 
yections at 8 day mtervals of heat-killed E influenzae sms, a second group of 
4 swme received mjections similarly of hvmg H influenzae sms The amount 
of the first dose admmistered was 1 cc , while the two succeedmg doses were 
2 cc each No noteworthy reaction was observed m any of the 8 swme fol- 
lowing either their first or second mjections of vaccme However, after the 
third injection, m the cases of all 8 ammals, a surprismg and puzzhng reaction 
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occurred Since its character varied depending upon ^vhethe^ the animals 
had received living or heat killed aaccinc, the two groups will be discussed 
separatcl> 

Reactwn vi Sjnne Vacctnaied With Ltvtng JJ \nfliietuat aixs — On the 2nd da> after 
the third injection, the temperature of swine 1843 rose to 40 9®C and the animal 
appeared ill The follow ing da> the animal was prostrated and had labored breathing 
By the next day it appeared extremely dl, and it was moribund on the foUomng day 
It died on the 4th day after its initial temperature nsc and the findings at autopsy 
were strongl> suggestive of fatal swine influenza 2 other animals swine 1840 and 
1847, exhibited temperature elevations to 40 9* and 40 4®C , respectively, on the 3rd 
day after their third injections of hving U stos Sivine 1840 was ill for 6 

days with what chmcally could not be distinguished from swine influenza The 
illness of swine 1847 chmcally resembled mild swine influenza and lasted for 4 daj-s 
The 4th animal m the group, swine 1844, developed a temperature of 41 2 C on the 
4th day after Us third injection of 12 tnfitttnM suts and exhibited for 5 days an illness 
that was chnicallj indistinguishable from swine influenza 

Reaction in Svnne Vaccinated with Beat Killed 21 vijitten^ae suts — All 4 of the 
swine injected with heat killed 22 influent suit exhibited on extreraclj mild and 
mdefimte illness (or 2 or 3 days, bcgmning on the 2nd or 3rd day after their thud 
injection The clinical picture shown by these 4 animals was charactcnstic of that 
seen m ‘‘filtrate disease (1) and would probably have entirel) escaped notice bad 
not the 4 swine receiving the living 22 tnjtuen ae suts v aconc been ill at the same time. 

Experiments to Determine the Cause of the Disease Resulting from Multiple 
Injections of B influenzae suts — ^Pieces of lung of swme 1^3, the animal 
which had died on the 4th day, were tested for the presence of swine influenza 
VITUS by mouse inoculation (0) An agent typical m all respects of swme 
influenza virus was demonstrated Blood serum was obtained from the re- 
maming 7 swine following their recovery, and all seven samples neutralized 
swme mfluenza virus completely, although failmg to exert any effect on the 
PR8 stram of human influenza virus Furthermore, the 7 recovered swme were 
subsequently tested for immunity to swme influenza and found to be fully 
immune It thus seemed dear that the reaction observed in all 8 of the ex 
perimental animals followmg their third mjection of H influenzae suts had as 
its basis mfection with the swme influenza virus The disease observed m 
the animals injected with livmg B influenzae suts was true swme mfluenza 
m that both the virus and the bacterial component were active, while the 
disease developmg in the animals inoculated with heat killed B injiuen'’ae suts 
was “filtrate disease,” such as is caused by expenmental mfection with the 
swme influenza virus alone (1), and apparently precipitated in the present 
instance by the inoculation with heated S influenzae suts No explanation 
of the source of the swme mfluenza virus responsible for these mfections was 
apparent from consideration of the experiments just discussed 
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Confirmation of tlie Findings 

Late m January of 1937 4 more swine were placed in isolation and injected intra- 
muscularly, as in the preceding experiments, with 1 per cent suspensions of heat- 
kiUed H influenzae sms On the 3rd day followmg the second injection this time, 
2 of the 4 animals developed temperatures in the neighborhood of 41°C and appeared 
mildly ill The other 2 animals appeared mildly lE also, but their temperatures re- 
mained within normal Emits One of the febrile swine was kiUed on the 2nd day of 
fever and the other one on the 3rd day of fever, and at autopsy the findings in the 
respiratory tract were charactenstic of a filtrate disease more extensive than usual 
However, the lesions, instead of being hrmted to the anterior lobes as is usual in swine 
mfected intranasaUy with virus, were diffusely scattered throughout the lung and 
were especiaUy numerous at the bases of the diaphragmatic lobes Swine influenza 
virus typical in aU respects was demonstrated in both respiratory tracts by mouse 
moculation The 2 afebnie swine were kept under observation They remained 
mddly lE for 2 days They were bled 11 days later, and the serum of each neutrahzed 
swine influenza virus completely but was without effect on the PR8 strain of human 
influenza virus It seemed clear that the reactions foEowing the second injection in 
this group of experiments had been due to infection with the swine influenza virus 
They thus confirmed the previous observations The chnical picture exhibited by 2 
of the animals was charactenstic of filtrate disease, whde in the remaming 2 which 
developed febnle reactions of 41°C the clinical pictures were more severe than is 
ordinanly seen m swine infected with virus alone The characteristics of the findings 
presented at autopsy were, however, typical of an extensive filtrate disease 

With this confirmation of the origmal observations it seemed that a regularly 
reproducible phenomenon was bemg dealt with The situation, as it ap- 
peared from the data avaflable at the time, could be summarized as foUows 
Apparently normal swme, given multiple mtramuscular mjections of suspen- 
sions of livmg H influenzae sms, developed typical swme mfluenza in which 
both H influenzae suis and swme mfluenza virus participated as mfective 
agents Similar swine given multiple mtramuscular mjections of heat-kiEed 
E influenzae sms developed filtrate disease, m which the swme mfluenza virus 
was the sole mfective agent In neither set of experiments had swme mfluenza 
virus knowmgly been mtroduced, and the origm of the virus mfectmg the 
swme was obscure 


Possible Sources of Virus 

At the time, four possible sources of the virus were considered, either to be 
studied further or discarded as impossibihties These may be briefly sum- 
marized as follows 

1 The virus might have been present as a contammant of one of the cul- 
tures of H induenzae sms used This possibility could be eliminated on 
three grounds Furst, direct test of the cultures by the intranasal inoculation 
of swme or mice failed to reveal virus, second, the heat-kiEed bacterial sus- 
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pensions had been heated vrell above the thermal death point of the virus, 
and lastly, had virus been present m the bacterial suspensions it should 
have immunized swme when given intramuscularly rather than mduced m 
fection (3) 

2 The isolation technique might have been inadequate to prevent accidental 
infection This possibility did not seem to furnish a reasonable explanation 
because at the time the experiments under discussion ^sere conducted there 
were no cases of swine influenza m the laboratory Furthermore, the isolation 
technique employed was the same as that used here for 8 years of more or 
less contmuous mvestigation of swme influenza without an acadental aoss 
infection 

3 The swme used may have been earners of swme influenza virus This 
possibility was not considered very likely, because at the tune no way of mtro- 
duemg swme influenza virus mto swme was known that did not cause either 
mfection or the acquisition of immunity It had been established that virus 
given mtranasally induced mfection regularly, while admmistered by any 
other route it regularlj immunized without causmg recognizable mfection 
Smee the swme used m the present experiments proved fully susceptible to 
infection and their sera were free of neutralizmg antibodies, it had been con- 
cluded that they had not had a previous expenence with swme influenza virus 
and thus could not be caniers of the virus The possibility that virus might 
ha\ e gamed access to the swme without either mfectmg or immunizmg seemed 
remote 

4 The virus may have arisen de 7iovo as a result of the experimental pro- 
cedures to which the sw me had been submitted This possibility was mcluded 
to be considered seriously only in case oneof the three preceding was notfound 
applicable 

Atlenipts to Extend the Observation and to Determine the Nature of the Phenomenon 

Further experiments of the type described earlier were carried out m the 
hope of leammg more of the phenomenon and determmmg the source of the 
swme influenza virus responsible for the infection that followed multiple 
mjections of H influenzae sms At this phase of the mvestigation swme of 
our own rearmg were agam available and the supply of those purchased outside 
and used m the origmal experiments had been exhausted Consequently m 
subsequent experiments our own swme were used The first of these experi 
ments failed completely to duplicate the original observation So did the 
second and the third groups of expenments Swme were given multiple 
mtramuscular injections at 8 day intervals but reraamed perfectly normal 
throughout, neither acquiring swme influenza nor developmg antibodies 
neutralizmg swme influenza virus m their sera As a result of this group of 
unsuccessful expenments the possibihty was considered that the phenomenon 
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miglit be more dosely related to the source of swme than had been considered 
likely m the beginnmg Because of this, 8 more swme were purchased from 
the outside breeder who had furmshed the ongmal animals These were of 
the same stock as purchased before but from later farrowmgs After deter- 
mmmg that their blood sera were free of swme influenza vmis-neutrahzmg 
antibodies they were given multiple mtramuscular mjections of E t 7 ifluenzae 
S7its No illness resulted from a long contmued course of mjections at 8 day 
mtervals, nor did the animals develop swme influenza virus-neutralizmg anti- 
bodies With these failures it seemed apparent that a new attack on the 
problem was mdicated 

Consideration of the experimental factors which might have changed between 
the time of the earlier positive experiments and the current negative ones 
suggested B influenzae sms itself as probably the most labile Because of 
the possibihty that the cultures employed might have varied it was decided 
to obtam some fresh field strams for use Seven strams were isolated m Iowa 
from naturally occurrmg cases of swme influenza These seven cultures were 
pooled and admmistered mtramuscularly to swme at 8 day mtervals, but they, 
too, failed to mduce a swme mfluenza virus infection m the experimental 
animals 

With the apparent exhaustion of the possibility that the source of swme or 
the cultures of E influenzae sms themselves were responsible for the failure 
to duplicate the ongmal experiments, other possibilties were considered The 
ongmal swme had been kept, prior to experimental use, m rather crowded 
quarters m a pen indoors, and it seemed that this fact might conceivably 
furnish a clue to the character of their peculiar reactivity to multiple mjections 
of E influenzae sms Because of the crowdmg, cleaning of the pens had not 
been as scrupulous as it might have been under less crowded conditions, and 
it was reasoned from this that more than the usual opportunity had been 
afforded for the building up of heavy parasitic infections It was furthermore 
reasoned, on the possibihty that virus might have been made to arise de now, 
that it would probably have been generated at the mtramuscular site of m- 
jection of E influenzae sms, under which circumstance it would have had to 
be transported in some way to the susceptible tissues of the respiratory tract 
It seemed possible that the failure of the later experiments might have been 
due to a lack of this hypothetical transportmg agent Because the swme 
ascaris fitted the picture of a parasite whose larval stage migrated widely 
throughout the body before eventually becommg established m the gastro- 
mtestinal tract, experiments were planned m which wandermg ascaris larvae 
would be present m the animals at the time of their second or third mjections 
of E influenzae sms To this end, swme were fed embryonated swme ascaris 
ova (7) 2 or 3 days prior to then second or third mjections of E influenzae 
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suis ^ Usually on the 8th day, occasionally somewhat later, after the ascans 
fcedmg, the animals exhibited clinical signs of respiratory tract mvolvement 
They became depressed, their respiratory rates were accelerated, and their 
temperatures were elevated to fever level However, at autopsy the findmgs 
m the lung were only those characteristic of an ascans pneumonia, and swme 
influenza virus could not be demonstrated m the respiratory tracts Further- 
more, swme that had been treated m this way and allowed to recover failed 
to develop swme influenza virus ncutralizmg antibodies m their blood sera 
upon recovery It thus seemed evident that the ascans infestation had not 
furnished the requisite factor 

A number of other things w ere tried Swme were kept in dirty pens, others 
were underfed, some were kept m cold isolation units, and others were kept 
m unusually warm isolation units, but under none of these conditions did 
multiple injections of H tnfiuenzae sttts exert the slightest eflfect so far as m 
duang a swme influenza virus infection was concerned 

In an accompanymg paper experiments which explam the phenomenon will 
be reported 


StmMAEY 

Multiple mtramuscular injections of E tnfiutn^ae sms were found to pre- 
cipitate swme influenza virus infections m a group of apparently normal 
swme The most likely explanation of the phenomenon seemed to be that the 
animals, though healthy and susceptible, harbored the virus m some unknown 
manner The factors possibly determining the phenomenon were explored 
experimentally but without success 
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In the preceding paper (1) etpenments have been described m which swine 
influenza virus infections were elicited m apparently normal swine by multiple 
mtramuscular mjections of suspensions of cither livmg or heat killed Bento- 
philtis infltienzac suts The findings suggested that the virus of sw me influenza 
had been present somewhere m the pigs at the time of mjection In the present 
paper it will be shown that the swme lungworm is capable of harboring swine 
influenza virus and of transmitting it from swine to swine This discovery 
was made incidentally to observations on the possible r61e of the lungivorm m 
transmitting hog cholera 

Study of the possibility that the swme lungworm might serve as an inter 
mediate host for hog cholera had as its basis the popular belief held by certam 
farmers and vetennanans m the Middle West that the earthworm is responsible, 
m some unvisualized fashion, for the persistence of cholera virus from one out 
break of the disease to the next * The observations of the Hobmaiers (2) and 
Sch^vartz and Ahcata (3) that the earthworm serves as mtermediate host for 
the swme lungworm lent some plausibility to this belief, although it seemed 
more likely, if the earthworm were mvolved, that its rdle was indirect and that 
the lungworm m all probability was the actual earner of the infectious agent 
It was deaded to test the possibility experimentally In the hope that findmgs 
with one agent might serve as controls for those with another, a study with the 
swme mfluenza virus was conducted m parallel with that of the hog cholera 
virus The latter yielded negative results whereas that with the mfluenza 
virus clearly showed that the lungworm was capable of servmg as the trans 
mittmg mtermediate host For this reason the findmgs with the mfluenza 
virus will be especially stressed 

* I am mdebted to Dr Fred J Crow and Mr Ivan Hummer for first calling my 
attention to this behef 
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Materials and Methods 

The swine influenza virus used was strain 15 obtained originally in 
Iowa in 1930 from a naturally occumng case of swine influenza It bad been mam- 
tamed by passage through swine at intervals of 2 months or less 
The strain of hog cholera virus employed had been obtained from a commercial 
laboratory in 1937 Pnor to use in the present experiments it had been mamtamed 
by occasional passage through swme at this laboratory 
Earthworms — ^The earthworms were dug locally in areas known to have been free 
of contamination by swine feces for at least 10 years Furthermore, repeated ex- 
aminations of representative specimens of earthworms from these areas have failed 
to reveal the presence of swme lungworm larvae Four species of earthworms,* 
Eisema foettda (Savigny), Allolcibophora cahginosa f typica (Savigny), Allolohophora 
tonga Ude, and Litmbnais lerreslns Linnaeus, have been utihzed in the experiments, 
and all seem equally capable of serving as intermediate hosts for the swine lungworm 
The earthworms for each experiment were kept in separate wooden barrels of the 
type m which bulk chemicals are shipped These barrels, measuring approximately 
18 mches m diameter by 30 inches m depth, were buned m the earth to within 2 or 3 
inches of thar tops and filled with soil to a level which eventually approximated that 
of the outside dirt level Each barrel was covered with a fairly snugly fitting wooden 
lid Food for the expenmental worms consisted of a handful of either yellow com meal 
or used coflee grounds, scattered on the dirt surface of the barrels at intervab of 6 
weeks to 2 months, and a 2 to 3 inch surface layer of decaying maple and hnden leaves 
which was mamtamed at all times This leaf mulch, m addition to fumishmg nutn- 
ment, also served to mamtam the correct degree of moistness m the upper portion of 
the dirt Water was sprinkled on the dirt surface at irregular intervals, depending 
upon weather and season, sufficiently often to mamtam the soil m a moist but not 
wet condition 

Liingworms — In the present experiments two species of lungworms,* Melasirongyhts 
elongains and Ckoerostrongylus pudendolectiis, have been used m mixture, and no 
attempt has yet been made to work with either species smgly The developmental 
cycles of these two lungworms are the same They are concurrently present in swme 
of the Institute herd having free access to pasture 

The Lungworm Cycle in Earthworms 

The swme lungworm, a nematode parasitic m the bronchioles of the bases of the 
lungs of swme, has been shown by the Hobmaiers (2) and Schwartz and Alicata (3) 
to pass the first three of its developmental stages m an earthworm The hfe cycle 
in bnef is as follows The embiyonated lungworm ovum deposited m the swme 
respiratory tract by the female lungworm is coughed up, swallowed, and eventually 
passed in the swme feces After reaching the soil it is swallowed by an earthworm, 
in which It hatches as a first-stage larva It undergoes two further developmental 

- 1 am mdebted to Dr Libbie Hyman, Dr Grace Pickford, and Dr Henry Olson 
for the identifications of the earthworms used 

* I am mdebted to Dr Norman R Stoll for identifymg the lungworm species used. 
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stages m the earthworm cventualU reaching its third or infcctnc hr\'il stage In 
this stage it is capable of infesting swine and has u<5uall> become localized either 
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intestindl mucosa, and migrates to the respiratorv tract by nay of the lymphatics 
and blood stream It undergoes two further developmental stages in the swine, finally 
becoming an adult lungirorm in the bronchioles at the bases of the diaphragmatic 
lobes The whole of the cycle can occupy a span of several years for its completion 
or, under the most favorable conditions, can be completed in about 2 months 

It IS the third larval stage w hich permits delav in completion of the developmental 
cycle In this stage the larva can apparently persist for periods of at least 4 years 
(4) in Its earthy orm host ■* It is probably because of this very favorable and pro- 
longed survival period in an intermediate host that lungworms constitute such a 
common parasite in swine reared under the usual farm conditions 

Prehmtnary Tests 

Swine Injliienza — Late in October of 1938 lungworms were obtained at autopsy 
from 3 swine kiUed on the 3rd, 4th, and 5th days after infection with swine influenza 
(intranasal inoculation with a mi’cture of the bacterium H influenzae sins and swine 
influenza virus) (5) The worms, in a Petri dish containing a little water, w ere minced 
coarsely with scissors to release the ova they contained This worm mince was 
then buried 3 to 4 inches below the dirt surface in a sunken barrel Feces collected 
from the same 3 sw me throughout the course of their illnesses together with the colon 
feces obtained at autopsy were similarly buried in the barrel and loosely mixed with 
dirt Shortl} afterwards about 400 earthworms were placed on the surface of the 
soil m the barrel and the dirt was thoroughly wet with a sprinkler of water The 
worms promptly burrowed beneath the surface This barrel was designated as No 4 
Five weeks later representative earthworms w'ere examined and in their calciferous 
glands W'ere found third-stage lungworm larvae ranging in numbers from single speci- 
mens to as many as 20 or more 

After the lungworm larvae had become established in their earthworm intermediate 
hosts an attempt was made to learn whether these larvae, hatched from ova obtained 
from influenza-infected swine, could induce influenza when they infested normal 
sw'ine 50 earthw orms were removed from the barrel and, after thorough washing in 
tap water, w^ere fed to 2 swine In order to be certain that all of the earthw'orms were 
consumed they w ere cut into lengths of a centimeter or less and mixed w ith the ground 
gram feed of the swine The pigs ate this worm-gram mixture with apparent rehsh 
Hog Cholera — The hog cholera experiment paralleled that wnth swine influenza 
both chronologically and in methods used The lungworms and feces containing 
lungw orm ova w ere obtained from 2 swine killed when moribund of hog cholera on the 
6th and 10th days after infection wnth hog cholera virus This material was fed to a 
similar number of earthworms m another sunken barrel which was designated as 
No 3 These earthworms became infested with larval lungworms in numbers com- 


The life span of the earthworm itself, under natural conditions, is unknown 
How ever, under the artificial conditions of captivity specimens of E foetida have lived 
for as long as 4t4 years, L lerreslns for as long as 6 years, and A longa for as long as 
lOyi years (Stephenson, J , The Oligochaeta, Oxford, The Clarendon Press, 1930, 
637) 
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parable to the earthworms in the influenza barrel and at 5 weeks 50 were dug and fed 
to 2 swine as m the influenza experiment 

The 2 swine used m each experiment were normal so far as any past experience 
with either the hog cholera or the swine influenza virus was concerned How- 
ever, all 4 animals, for 3 weeks prior to bemg employed m the earthworm 
experiments, had received a senes of 3 mtramuscular inoculations of suspensions 
of the bacterium H influenzae suis at 8 day intervals These moculations had 
caused no clmical illness in an> of the 4 swme, nor was there any reason to 
suppose that they had altered the succptibilily of the sw me to either hog cholera 
or swme influenza virus The animals were considered “normal*^ with respect 
to the experiments in which they were to be used However, as later develop- 
ments demonstrated, the preliminary inoculations with the bacterium B 
influenzae sms were of particular significance in determmmg the results ob 
tamed 

Swme 2149 and 2215, that had been fed earthworms containing lungworm larvae 
from hog cholera animals, and swnne 2162 and 2217, fed earthworms containing lung 
worm larvae from swme influenza animals, were observed for a penod of 10 days All 
remained nonnal, and the outcome of the experiments was beheved to be negative 
Rather than destroy the animals at this lime it was deeded to continue tBeir courses 
of mtramuscular inoculations of suspensions of the bactenum E infimnjie suis 
that had been interrupted at the time of their introduction mto the lungnorm ezpen 
ments Consequently on the 10th day after they had been fed earthworms each 
swme was inoculated intramuscularly with 2 cc. of a 1 per cent by volume suspension 
of a 22 hour culture of E influence suts grown on potato-chocolate agar slants The 
2 cholera worm animals, swme 2149 and 2215, remained normal throughout a further 
penod of observation of 13 days 

As has been reported briefly m a prelimmary pubhcation (6) the 2 mfiuenza" 
worm animals came down with swme influenza 

On the 3rd day after its mtramuscular inoculation with E influent suts swme 
2217 developed a temperature of 40 9 C and appeared lU (Fig 2) The following 
day its temperature was still elevated and the clinical signs exhibited were those 
charactenstically seen in smne influenza The animal remained febrile and ill for 
4 days and then underwent an uneventful reco\cry Swme 2162 m the same pen 
remamed normal until 5 days after swme 2217 had first become sick and then it too 
underwent a 4 day illness that was clinically characteristic of mild swme influenza 
Serum drawn from each of these 2 animals dunng convalescence was found to contain 
antibodies neutrahzing swine influenza virus, whereas that drawn prior to the earth 
worm feeding had been devoid of antibodies The serum of neither of the swme fed 
the cholera worms developed antibodies neutrahzmg sviine influenza virus dunng a 
Similar penod of observation 

It seemed apparent from these experiments that the 2 swme fed lungworm 
larvae from pigs with swme mfluenza had undergone attacks of typical swme 
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influenza However, m the light of subsequent experiments of this type it is 
probable that only swme 2217 acquired its swme influenza virus directly from 
the lungworm larvae mgested The lUness of the other ammal m the same pen, 
swine 2162, probably represented an mfection acquured by contact with swme 
2217 Furthermore the experiments suggested that more than mere transfer 
of virus by infected lungworm larvae was required to eliat infection A pro- 
vocative stimulus or stress was also essential In the above expenment mtra- 
muscular mjections of E influenzae sms had provided the provocation 
So far as the smgle experiment vith lungworm larvae from cases of hog 
cholera was mdicative, it did not appear that the hog cholera virus was capable 
of transmission ma the lungworm Because of the promismg lead obtamed 
with swme influenza it was deaded to concentrate on this phase of the problem 
and to abandon, for the time, further mvestigation of hog cholera 



Flo 2 Swme 2217 The animal received three mtramuscular injections oijE 
influenzae suis (His) before being fed 25 earthworms 5 weeks after these had^m- 
gested lungworm ova from swme with swme influenza Afterwards a fourth mjection 
of H influenzae sins was followed by dmically charactenstic influenza During 
convalescence virus-neutralizmg antibodies appeared m the animal’s serum 

Results of Confirmatory Experiments 

Experiment 1 — ^In January of 1939, 2 swme, 2200 and 2291, were each fed 18 earth- 
worms removed from barrel 4 By now 2 months had elapsed since the first exposure 
of these earthworms to lungworm ova from pigs with swme influenza 19 days after 
bemg fed the earthworms each swme was inoculated intramuscularly in the ham with 
1 cc of a 1 per cent by volume suspension of a 48 hour potato-chocolate agar hve 
culture of H influenzae suis The animals remamed normal 8 days later each was 
given a second intramuscular injection of 2 cc of a 1 per cent suspension of hve H 
influenzae sms 

On the 4th day after this second injection the temperatures of both animals rose 
abruptly and on the following day they exhibited chnical signs charactenstic of swme 
influenza (Fig 3) Swme 2200 was killed and autopsied on the 3rd day of illness 
At autopsy the pathological alterations in the lung were charactenstic of those of 
swnne influenza, and swine influenza virus was demonstrated m the lung by mouse 
moculation (7, 8) The distnbution of the lesions m swme 2200 was somewhat dif- 
ferent, however, than that ordinanly seen m mtranasally inoculated same (9) In- 
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stead of the pneumonia being limited to the cephalic and cardiac lobes as is usually 
the case, it uas rather diffusel> distributed in a lobular fashion and portions of all 
lobes TNcre invohed From past experience ivith swine infected nasallj, extensive 
involvement of the diaphragmatic lobes except m fatal cases had come to be looked 
upon as ver> exceptional The pneumonia at the extreme bases, m the regions of 
bronchioles containing adult lungworms \%as especially marked 

The other animal suine 2291, was lU for 3 da3rsand then underwent an uneventful 
recovery Its blood scrum, obtained after recovery was found to have developed 
antibodies ncutrahzmg swine influenza virus 

The demonstration of swine influenza vims m the respiratory tract of one 
animal dunng the acute stage of illness and of speafic vims neutralizing anti- 
bodies m the blood semm of the other after recovery made it evident that the 
influenza like illness of each had indeed been swine influenza and had had as 



Fig 3 Swine2200 was fed 18 earthworms which 2 months prcMOusl> had ingested 
lungworm ova from swine with swine influenza 19 and 27 days later the swine 
was injected intramuscularly with B tnjltmjie suis (His) 4 da>'s after the 
second injection the animal developed swine influenza that was characteristic clinically 
and at autopsy Swine influenza vims was demonstrated m the respiratory tract 


its basis infection with the swine influenza vims The bacterium vifluenzae 
was present in cultures from the trachea of the first animal 

Expcnmtnl 2 — ^Late in January of 1939 swine 2222 and 2240 were given two mtra 
muscular mjections of live H \nJlwnM suis at an 8 day mterval 3 days after the 
second Injection each animal was fed 7 earthworms removed from barrel 4 By now 
3 months had elapsed smcc the first exposure of these earthworms to lungworm ova 
from pigs with swine influenza The animals remained normal throughout an 18 day 
period of observation Then each was inoculated intramuscularly m the ham with 
2 cc of a 1 per cent suspension of hvc U influence sitis 

On the 3rd day after this inoculation the temperature of swnne 2222 rose abmptly 
and the animal appeared lU (Fig 4) The foUowmg day its temperature had nsen 
to 41 3 C and the clinical signs were those characteristic of swine influenza The 
nnima] was killed and autopsied and the findings in the respiratory tract were typical 
of those seen in swine influenza As in the animal autopsied in the preceding expen 
ment however, the distnbution of the pneumonia tended to be more basilar than 
ordinanly encoimtered m swine expenmentaliy infected with swme influenza by the 
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nasal route Swine influenza virus was demonstrated in the pneumonic lung of this 
animal, and in lungworms taken from bronchi at the bases, by mouse inoculation 
E influenzae sms was present in cultures from the respiratory tract 

Swine 2240 became ill on the 6th day after inoculation and the findings at autopsy 
on the 3rd day of illness were similar to those described for swine 2222 Swine in- 
fluenza virus was demonstrated in the lung and in lungworms from this animal by 
mouse inoculation H influenzae snts was present in cultures from the trachea In 
the hght of subsequent expenence it is likely that swne 2240 acquired its infection by 
exposure to swine 2222, the first animal of the pair in the pen to sicken 

Experiment 3 —Late in Apnl of 1939, 5 swine, 2345, 2340, 2339, 2344, and 2341, 
that had been reared indoors on a concrete floor and were knoivn to be free of lung- 
worms were each fed 15 earthworms from barrel 4 (5 earthworms on each of 3 con- 
secutive days) 6 months had now elapsed smce these earthworms had mgested their 



Fig 4 Swme 2222 received two intramuscular mjections of H influenzae suts 
*(11 1 s ) before being fed 7 earthworms which 3 months previously had ingested 
lungworm ova from swine with swine influenza The animal remained normal for 
18 days and was then agam mjected intramuscularly with a suspension of H in- 
fluenzae suts On the 3rd day after this injecbon it came down with swme influenza 
Virus was demonstrated m its respiratory tract 

lungworm ova Swine 2340 was subsequently given three mtramuscular injections 
of suspensions of live H influenzae suis at 8 day mtervals beginnmg 13 days after the 
earthworm feedmg It failed to become dl and was killed and autopsied No lung- 
worms could be found upon careful search of its respiratory tract Another of the 
group, swme 2345, was then killed and autopsied, and its respiratory tract also proved 
free of lungworms It was thus apparent that lungworms bad for some unknown 
reason failed to become estabhshed m this group of swine Consequently m June 
swine 2339 and 2344 were agam fed 18, and swme 2341, 6 earthworms, from barrel 4 
Throughout the remainder of the summer they were subjected to moculations with 
suspensions of H influenzae suts at irregular mtervals, but failed to become ill Swme 
2344 was finally killed and autopsied late m July Except for the presence of moder- 
ate numbers of lungworms m the bronchi at the bases of its diaphragmatic lobes its 
respiratory tract was normal Furthermore, blood sera from all 3 swme at this time 
were devoid of vmis-neutralizmg antibodies Swme 2339 and 2341 were kept under 
observation and received no further moculations of E influenzae suts until Aug 18 
Then each received a senes of three mtramuscular mjections at 8 day mtervals 


RICHARD E SnOPE 


57 


On the 3rd day after the third injection of U influenzas zuts the tempetature of 
same 2341 rose abruptly to 40 9®C and the animal appeared lU The following 
day the clinical signs nere those characteristic of a mild swine influenza By the 
next day the temperature had dropped to normal and the animal appeared to be 
recovering It was killed and autopsied and the pathological findings in the respira 
tory tract were those of swme influenza Again, however, the pneumonia was pre 
doniinantl> basilar instead of being limited to the anterior lobes as is usual in swme 
infected by way of the nose Lungworms were numerous in the bronchi at the bases 
of the lung 

Eight anesthetized mice were inoculated mtranasally in the usual fashion (8) ivith 
a 10 per cent suspension of pneumome lung of swine 2341 m order to test for the 
presence of swine influenza virus 4 of these were killed and autopsied on the 4th 
day Their lungs appeared completely norma] The lungs of these mice were ground 
in sahne to make a 5 per cent suspension and this suspension was admmistercd intra 
nasally to 8 more anesthetized mice 0/ these, 5 died and 3 were killed, and all showed 
lung lesions characteristic of those caused by swine influenza virus Furthermore in 
the next serial passage, mice which received a suspension of lungs of these 2nd passage 
mice mixed with serum known to neutralize swmc influenza virus were completely 
protected whereas the control mice all died The remaining 4 mice that had received 
the original lung suspension from swnne 2341 were tested for immunity to a fully 
mouse adapted swine influenza virus 25 da>’S later One of these died and the other 
3 survived 

It seemed apparent from these experiments tliat the lung of swme 2341 
had contamed swme influenza virus The faflure of this virus to kill, as most 
swme influenza viruses typically do, m its first mouse passage, suggested that 
Its mouse pathogenicity may have been altered m some way either by its so- 
journ of 8 months m lungworm larvae m their earthworm mtermediate hosts 
or its survival of almost 3 months m the respiratory tract of swme 2341 pnor 
to causing illness 

The remaining animal m Expenment 3, swme 2339, developed swme m- 
fluenza 2 days after swme 2341 became lU m the same pen It is believed that 
this constituted a contact infection This animal was onlj moderately ill 
Its blood serum, obtained 10 days after infection, neutralized swme influenza 
virus 

Experiment 4 — In October of 1939 swme 2428 and 2432 known to be free of lung 
worms, were each fed 12 earthworms from bairel 4 (4 earthworms on each of 3 con 
secutive days) It had now been a year smee these earthworms had ingested their 
lungworm ova Begmning 14 days after their earthworm feedmg each animal re- 
ceived iour intramuscular injections of suspensions of hve B influen ae sins at 8 day 
intervals The first of these injections m each case was 1 cc of a 1 per cent suspension 
of 48 hour potato-chocolate agar cultures while subsequent mjcctions were of 2 cc. 
Midway between the third and fourth B influenzae sms moculation each animal had 
received 10 cc of a 5 per cent solution of calaum chlonde mto the nght lung and 
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pleura through the chest wall, a procedure which was known, from experiments to 
be reported later, to ehat swine mfluenza virus infections sometimes in swine that 
had mgested lungwonn larvae from mfluenza swme The use of calcium chlonde to 
provoke swme mfluenza virus mfections had been suggested ongmally by the finding 
of Bullock and Cramer (10) that this substance would break the dormancy of spores 
of the bactena of gas gangrene and tetanus m mice or guinea pigs 

Neither animal was noted to be dmically ill as a result of any of the procedures 
to which it had been subjected and the experiments were considered negative Swme 
2432 was killed and autopsied 5 days after its last mjection of H influenzae suts 
Its respiratory tract was negative except for the presence of dense fibrous adhesions 
m the nght pleura resultmg from the calaum chloride injection There were also 
numerous adult lungworms m the bronchi of the bases of the diaphragmatic Jobes 

Blood serum obtamed at autopsy was saved to test for the possible presence of 
antibodies neutralizmg swme mfluenza virus, a procedure regularly followed m this 
work Surprismgly enough m view of the fact that the anunal had at no time been 
dmically ill, its serum neutralized swme mfluenza vunis to a dilution of 1 m 8 This 
titer was lower than that ordmarily encountered m the sera of convalescent swme 
(11) However, smce the serum of the animal drawn 6 days after its earthworm feed- 
mg was free of virus-neutralizmg antibodies the presence of antibodies later on must 
be mterpreted as havmg resulted from an experience with the swme mfluenza virus 

Smce this experience did not result m dmically recognizable illness there 
IS no way of knowmg which of the several procedures apphed to the anunal 
had dicited the virus response 

The other animal m the pen, swme 2428, faded to become ill, nor did virus-neu- 
trahzmg antibodies appear m its blood serum m spite of the continuation of eSorts 
to eliat a swme mfluenza infection by multiple mtramuscular moculations of B 
influenzae suts When this animal was finally killed and autopsied its respiratory 
tract was normal except for the presence of numerous adult lungworms m the bronchi 
of the bases of the diaphragmatic lobes 

In this experiment, then, not only did swme 2432 undergo an immune re- 
sponse to swme mfluenza virus, but it failed to transmit its vmis by contact 
to swme 2428 m the same pen The failure of swme mfluenza virus to trans- 
fer by pen contact is of exceedmgly rare occurrence m swme that have been 
infected nasally 

Experimenl 5 —In March of 1940 swme 2433, known to be free of lungworms, was 
mjected mtramuscularly with 1 cc of a 1 per cent suspension of a 48 hour potato- 
chocolate agar culture of B influenzae suts On each of the 2 succeedmg days the 
nnimal was fed 5 earthworms from barrel 4 16^ months had now elapsed smce these 

earthworms had mgested lungworm ova from pigs with swme mfluenza 11 and 19 
days after the earthworm feedmg the pig was moculated mtramuscularly with 2 cc 
of a 1 per cent suspension of hve H influenzae suis No illness resulted from either 
mjection 4 days later, because of a suggestion furnished by Taylor’s (12) observa- 
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Uon that sterile fluid mto the respiratory tracts raised the influenza virus titer of suh- 
lethally infected mice, 15 cc. of broth was administered mtratracheally under 
chloroform-ether anesthesia This aas followed m 2 days by the mtramuscular m 
jection of 1 cc of a 1 per cent suspension of hving JJ tnjliien^c suis 

On the 2nd day after this last injection the animal appeared ill, and its temperature 
rose abruptly to 41 1®C It was killed and autopslcd on this 1st day of illness The 
findings at autopsy were unusual in that the cephahe, cardiac, and azygos lobes were 
free of lesions There vms, however, a scattered lobular atelectatic pneumonia of 
the upper portion of the nght diaphragmatic lobe, and the bases of both diaphragmatic 
lobes were consohdated There were numerous small but mature (embryonated ova 
present m the females) lungworms m the bronchi at the bases 

In this instance swine influenza virus of average pathogematy for mice was 
demonstrated in the respiratory tract In its first passage it killed all mice 
moculated within 8 days and in the second mouse passage killed all within 5 
days The finding of virus that was fully pathogenic for mice in this pjg 
elimmated from consideration the possibility that the apparent attenuation 
of the virus for mice m the case of sw me 2341 (Experiment 3) had resulted from 
its 8 month sojourn m lung>vorm larvae Here in the case of swine 2433 virus 
fully pathogenic for mice had been recovered from an animal infected with 
vims that had survived for 161 months m lungwonn larvae 

Swine 2433 transmitted influenza, by exposure, to another pig m the same 
pen, and antibodies neutializmg swine influenza virus appeared m the serum 
of this contact animal durmg convalescence 

Expermenf 6 — In November of 1940 swine 2609 and 2629, known to be free of 
lungworms, were each fed 5, 6, and 10 earthworms from barrel 4 on 3 consecutive 
days 2 y ears had now elapsed smee these earthworms had ingested lungwonn ova 
from pigs with swine influenza Beginning 9 days after their earthworm feeding 
the pigs were given three intramuscular inoculations of suspensions of hve E m 
Jliun-of suis at 8 day intervals 

No clinically recognizable illness resulted However, blood serum obtained from 
both swmc 22 days after their third moculation with E injltfetuu suu was foimd to 
neutralize swine influenza virus The neutralizing titer of the serum was 1 20 m 
the case of 2609 and slightly Iks in the case of 2629 when tested against the usual 
1000 if LJ) s of swine influenza virus Serum of each swine obtained at the beginning 
of the experiment had been free of neutralizing antibodies The serum antibody 
titer attained w as thus lower than that ordinarily encountered m swine convalescent 
from actual infection (11) It more nearly approached that of swine immunized by 
virus admmistered subcutaneously or intramuscularly 

Because both swrme remamed clmically normal throughout the experiment 
It is not possible to know which of the provocative moculations activated the 
virus However, the antibody response mdicated that each swme had under- 
gone an expenence with the swine mfiuenza virus 
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Failure to Demonstrate Swine Influenza Virus in Larval or Adult Lungworms 

Consideration of the courses of the experiments just outhned and of the 
procedures requured to elicit swme influenza mfections made it evident that 
the swme mfluenza virus contamed m the lungworms must not have been m 
a readily available or infective form If fully mfective virus were present 
withm lungworm larvae one would anticipate that a swme mfluenza infection 
would result as soon as the larvae reached the highly susceptible tissues of the 
swme respuratory tract, that is to say on from the 3rd to tbe 8th day after 
mgestion Smce mfections failed to occur then and infested swme remamed 
normal for long periods of time, even after the larvae had developed to adult 
lungworms, it seemed obvious either that the virus m the worms was present 
m a masked, non-mfective form or that it was not liberated from withm the 
mfected limgworm cells until some unusual stress was applied 

A number of experiments have been conducted m an attempt to demonstrate 
swme mfluenza virus withm larval or adult lungworms by direct or mdirect 
means Smce these have so far been uniformly negative only the more general 
aspects of the procedures tried will be outlmed 

Efforts were first made to demonstrate virus m third-stage larvae 

Calciferous glands and hearts, nch m third-stage lungworm larvae, were removed 
from earthworms of known mfluenza-producmg capabihty These were ground 
with sterile sand, and suspended m salme In such suspensions the larvae were 
thoroughly dismtegrated The suspensions were then admmistered mtranasally to 
either 6 or 8 anesthetized mice m each experiment Half of the mice were killed and 
autopsied on the 4th day after moculation, and suspensions of their lungs were passed 
mtranasally to a second group of anesthetized mice This procedure was contmued 
through either three or four senal passages before concludmg that swme mfluenza 
virus was non-detectable 

In no case were pulmonary lesions, suggestive of those caused by swme mfluenza 
virus, observed 2 or 3 weeks later, the survivmg half of the mice through which 
the material had been passaged were moculated mtranasally with swme mfluenza 
virus All succumbed typically, mdicatmg that no immumty had been conferred by 
the lungworm larvae suspensions 

In addition suspensions of lungivorm larvae similar to those admmistered to 
mice were mixed with cultures of H influenzae suis and moculated lAtranasally, 
mtratracheally, or directly mto the lungs oi swme The animals failed to come 
down with swme influenza nor did they develop m their sera antibodies neu- 
tralizmg swme influenza virus From such experiments it seemed apparent 
that virus m the lungworm larvae was present either in submfective titer or 
m a non-mfective or thoroughly masked form 

Efforts were next made to demonstrate virus in adult lungworms removed 
from the respiratory tracts of swme thought to be “ripe” for provocation of 
mfluenza 
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The swine furnishing these lungwonns had been fed carthivorms just as in the 
cxpennients outlined earher However, they were not submitted to provocative 
inoculations with U xnjlueixj^it suxs but instead were killed and autopsicd a month 
or longer after their earthworm feeding The adult lungworms contained in their 
respiratory tracts were removed, ground with sand, suspended m saline, and admmis 
tered to mice and swmc m a manner similar to that used in testing the larvae for virus 

Neither mice nor swme became infected or developed immunity, and it was 
necessary to conclude from the tests that swine influenza virus was not demon 
strable m the adult lungw orms 

An attempt was next made to demonstrate the presence of virus m adult 
lungworms from "ripe** swine by indirect means Though the vims was 
masked and non infective upon direct introduction into the respiratory tracts 
of susceptible hosts it jet might prove detectable by means that had been 
successfully used to demonstrate the presence of masked vims in another 
disease, rabbit papillomatosis Here, although suspensions of the papillomas 
of domestic rabbits are usually non infectious due to maskmg (13) of the vims 
they contam, they w ill immunize other rabbits to the vims and will even ebcit 
low titer vims-neutralizmg antibodies (14) if admmistered intrapentoneally 

Applying the same general procedure used m detecting masked papilloma virus 
mice were given repeated mtrapentoneal injections of suspensions of lungworms 
from “npe” swine 2 weeks after then’ last injection they were inoculated intra 
nasallj , while etherized, with from lOO to 1000 ir lj) s of swmc mfluenza virus All 
succumbed typically and no immunity was demonstrable 

It must be concluded from the ejqienments conducted so far that swme 
mfluenza vims is not detectable by eitlicr direct or indirect means m lung^^ orms 
known from other evidence to be acting as mtennediate hosts for the vims 

DISCUSSION 

The experiments described were undertaken m an effort to learn whether 
the swme lungworra could serve as mtcrmediate host for either the hog cholera 
or the swme mfluenza vims It had been antiapated, if the lungi\onn were 
to fit the rOle of mterraediate host for either vims tried, that it would transmit 
the causative agent from sick to normal animals directly In view of this 
preconceived notion that the lungworra should fit the general pattern of other 
known intermediate hosts, the firet experiment tned in the case of each vims 
was considered negative when, after a 10 day penod of observation, the animals 
to which lungworms suspected of carrying vims had been admmistered, re 
mamed normal 10 days was well beyond the usual mcubation penod for 
either hog cholera or swme mfluenza and furthermore withm this period the 
lungworm larvae should have largely completed their migrations withm the 
host and have become established m the swme respiratory tract The pos 
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sibility that either virus might have been transmitted m a latent, masked, or 
non-infective form was not considered until, m the course of subsequent events, 
the findings were such as to make that possibility quite obvious Because the 
first experiment with hog cholera virus was negative, further work with it was 
discontinued and only the more promismg experiments with swme mfluenza 
were carried further 

It was found that the suggestion furnished m the first swme influenza experi- 
ment, that virus transmitted by the lungworm had to be activated m some way 
to ehcit mfection, was mdeed correct Swme that had been fed earthworms 
containmg lungworm larvae hatched from ova commg from mfluenza-infected 
swme remamed normal to all appearances so long as they were kept under the 
usual experimental conditions Only when they were subjected to a stress of 
some unusual character did they develop mfluenza The admmistration of 
multiple mtramuscular mjections of suspensions of the bacterium E -influenzae- 
suts constituted a satisfactory means of furnishmg the required stress It is 
probably significant that m no case did influenza foUow a smgle mjection of 
the bacterial suspension Sometimes it followed the second or third injection, 
but not infrequently a larger series had to be employed It is believed that 
these findmgs indicate that the provocative stimulus responsible for ehciting 
the swme mfluenza mfections was not H influenzae sms per se but rather some 
condition or cham of conditions established by repeated mjection of the bac- 
terium Conceivably it partook of the character of an allergic or sensitiza- 
tion phenomenon 

After mfection with the virus was provoked, however, the presence of H in- 
fluenzae sms was important m determmmg the character of the resultmg disease 
In all of the experiments m which clmical illness ensued, E influenzae suts 
administered mtramuscularly had reached the respiratory tract so that, upon 
activation of the virus, true swme mfluenza, havmg as its cause the concerted 
activity of E influenzae suis and swme influenza virus (5), resulted In some 
e^eriments m which many mjections of E influenzae sms had been admin- 
istered before the virus mfection was finally provoked, the resultmg swme 
mfluenza was milder than usual, probably because of the development 
of some degree of immunity to E influenzae sms (15) (The case of swme 
2341, Experiment 3, illustrates this ) In other experunents which have been 
carried out but which will not be reported until later, provocation by means 
other than the use of live E influenzae sms yields filtrate disease, an infection 
m which only the virus participates 

The experiments reported, aU conducted with earthworms taken from barrel 
4, give a false impression of tlie ease and regularity v ith which the phenomenon 
under discussion can be reproduced To date, a total of 69 experiments, 
contammg from 1 to 8 swme per experiment, have been conducted Of tliese, 

41 have either proved negative or been discontmued before infections were 
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provoked The remaining 28 experiments, mcludmg those cited m the present 
paper, have been positive There arc numerous reasons for this only partial 
success Undoubtedly some of the failures resulted from the use of lung^ orms 
that, for a vanety of reasons to be discussed in a later paper, had not become 
earners of swine influenza virus In most of the negative experiments, hon ever, 
the failures are believed to have been due to the mabilit) to establish, m the 
experimental swine, appropriate conditions for the virus infection Only one 
of the reasons for failures in this category is apparent from the expenments 
ated, and only this one will be discussed 
The swme m experiment 3 w ere fed late m Apnl earthworms known to con 
tarn lung\\orm larvae Because lungworms fafled to become established the 
procedure was repeated m June From then until September efforts to pro- 
voke influenza infections m these animals were unsuccessful In September, 
after having proved refractory throughout the summer, one of the animals 
finally developed swme mfluenza following a long senes of provocative m 
oculations In other experiments not mduded among those dealt with in this 
paper a similar summer refractory state has been encountered Durmg 1939 
no experiments were successful between Apnl and September, whfle m 1940 
all expenments earned out from May to October were negative It r\ould 
seem from such results durmg two summers that, if swme are not completely 
refractory durmg this time of the year, their mfections are at least much 
more difficult to eliat usmg the same means of provokmg that have been suc- 
cessfully used during the autumn, winter, and sprmg months This failure 
of the virus to cause infection by w ay of its lungworm mtermediate host dunng 
the summer has, as yet, no explanation The findmg, however, fits uell with 
the known seasonal mcidence of swine influenza under field conditions The 
result obtained m Experiment 3 mdicates, so far as it goes, that the refractory 
state IS due not to the inabilitj of the worm mtermediate host to transmit its 
masked virus durmg the summer but rather to failure of the provocative 
stimuh apphed to render the masked virus infective durmg this season of the 
year While a number of the 41 negative experiments may have resulted m 
failure because thej were conducted durmg the summer refractory state, others 
carried out durmg known favorable seasons have also resulted negatively 
The question of the r61e played by seasonal and other factors m detennmmg 
the transmission of swme mfluenza virus by way of a lungworm mtermediate 
host will be considered in detail m a later paper when expenments other than 
those included in the present paper have been described 
The mability to detect swme influenza virus by direct means either m lung 
worm larvae m their earthworm mtermediate hosts or m adult lungworms 
removed from the respuratory tracts of swme thought ripe for provocation of 
the disease has been an mterestmg but bothersome handicap to the work 
While the non mfectiousness of the virus in its mtermediate host was to be 
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anticipated from the failure of infected lungwonns to induce disease directly 
in the swine whose respuatory tracts they infested, it had been hoped that 
there might be some way of demonstrating its presence by indirect means 
Thus far all attempts to do this have been unsuccessful and it is necessary to 
conclude that the swme influenza virus is m a completely masked non-mfective 
form in its lungworm intermediate host It evidently remams m this form 
until unmasked by some stress applied either to the lungworm or to the swme 
harbormg it This phenomenon of provokmg the mfectivity of masked swme 
influenza virus is remmiscent of those experiments of Bullock and Cramer (10) 
m which the dormancy of spores of the bacteria of gas gangrene or of tetanus 
m mice or guinea pigs was broken by mjectmg calcium chloride, a phenomenon 
which was termed kataphylaxis In like manner. Turner (16) has demon- 
strated m Black Disease of sheep that spores of Bacillus oedematiens, the causa- 
tive bacterium, may be present m a latent state m the livers of sheep for long 
periods of time without causmg disease Only when a kataphylactic agent 
invades the liver, in this case the liver fluke Fasciola hepatica, does Black 
Disease ensue 

In order to demonstrate the presence of swme influenza virus m its lungworm 
mtermediate host it is necessary that the lungworm go through its complete 
cycle hegmnmg m the respiratory tract of an infected swme and endmg m 
the respiratory tract of a susceptible and properly prepared swme Fully 
infective virus is detectable only at either end of such a cycle Stanley (17) 
has recently compared this phenomenon very aptly with that of a tram passmg 
through a tunnel One can see the tram as it enters and as it leaves, but it is 
n more apparent while m the tunnel than is swme influenza virus while m 
ats intermediate host 

Nothmg to indicate that swme influenza vmis is injurious to its lungworm 
host has been observed Neither is tliere any evidence that lungwonns m 
the swme respiratory tract are mjured by the provocative stimuli applied 
m ehcitmg virus infections 

These experiments with swme influenza are not the first instance m which 
it has proved difficult or impossible to detect the presence of an infectious agent 
durmg the time that it is m an mtermediate or transmittmg host, though it is, 
so far as is known, the first mstance m the case of a filtrable virus In salmon 
poisonmg of dogs, the non-filtrable causative agent, whose nature remams 
obscure, is transmitted by the fluke Naiiophyehis salmincola Though the 
etiological agent is demonstrable, by dog moculation, m the encysted cercariae 
of the fluke in its fish host it is not similarly detectable m the rediae or cer- 
cariae of the fluke m the snail host (18) Furthermore in blackhead of turkeys, 
a disease m which the causative histomonad {Hisfomonas meleagndis) is trans- 
mitted by the cecal worm Heterakis galhnae, histomonads have not been demon- 
strated by direct means m Heterakis ova (19) Stanley’s tunnel simile is as 
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appbcable to the histomonad of blackhead as it is to the vims of swine influenza 
If agents having the character of a histomonad or of the non filtrable agent 
responsible for salmon poisoning are not, by any available means, demonstrable 
m their mtermcdiate hosts, it is perhaps not surpnsmg that a filtrable vmis 
should be “lost” m its transmittmg host. The occult nature of infectious 
agents withm helmmth intermediate hosts may prove to be a characteristic 
of this mechanism of disease transmission Neither in salmon poisoning nor 
m blackhead, however, does it seem necessarj to provoke or activate the m 
fective agent m order to eliat mfection 

The results obtained m the expenments here described may be classified 
mto t^ o groups, dependmg upon whether or not the experimental swme became 
clmically ill In the first group, comprising the original and confirmatory 
Expenments 1, 2, 3, and 5, the animals developed clmically characteristic 
swme influenza The onlj feature of the disease that differed notably from 
that seen m mtranasally mfccted swme concerned the distribution of the m 
fluenzal pneumonia In swme receivmg their mfections experimentally by 
way of the nose the pneumonia is prcdommantly localized m the cephalic, 
cardiac, and az>gos lobes with little or no mvolvement of the diaphragmatic 
lobes except m cases with a fatal outcome while m swme receivmg their m 
fections through the medium of lungworms the pneumonia was more diffusely 
distributed throughout the lung and the diaphragmatic lobes especially were 
involved In the case of swme 2433 (Experiment 5), killed and autopsied on 
Its first day of illness, only the diaphragmatic lobes were mvolved and all 
five of the anterior lobes were completely free of lesions It is believed, on 
the basis of the autopsy findings m other swme that were permitted to live 
through 3 or 4 days of illness and m which the antenor lobes were also mvolved, 
that the pneumonia m the diaphragmatic lobes probably represented the initial 
observable lesion in swme acquirmg their virus by way of lungworms Lung 
worms are localized almost exclusively m the small bronchi at the bases of the 
diaphragmatic lobes From these postenor lobes the mfection doubtless 
spreads, probably by 'svay of the bronchi, eventually mvolvmg portions of some 
or all of the antenor lobes 

Of the second group into which the results fall, were those animals that 
became immune to swme influenza virus without havmg exhibited clmical 
evidence of infection the animals m Experiments 4 and 6 It is possible that 
these swme may have undergone attacks of filtrate disease too mild for recog 
mtion, but this seems unlikely for two reasons First, the virus neutrahzmg 
antibody titers were extremely low to represent the result of frank mfections 
even with the swme influenza virus alone, and second, swme 2432 failed to 
infect by contact swme 2428 m the same pen, a failure that is extremely rare 
m either swme influenza or filtrate disease Neither of these findmgs alone 
would nettssardy elimmate the possibility that the swme m Experiments 4 
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and 6 had undergone very mild attacks of filtrate disease, but the two considered 
together make this possibility seem quite unlikely 
The results are more suggestive of those attamed m immunizmg swme by 
the subcutaneous or mtramuscular admmistration of virus (20, 21 ) Such 
swme develop low titer antibodies and become immune but the virus does not 
reach the respuratory tract m infective quantities nor spread to other swme 
by contact from the immunized animals Such an explanation applied to 
the results obtamed m Experiments 4 and 6 would take mto consideration the 
weU known helmmthological fact that, among nematode larvae which undergo 
extensive wanderings m the host’s body before reachmg their sites of predilec- 
tion, many are destroyed, or wander mto tissues from which they cannot 
escape It is beheved that the findmgs with the swme that developed immunity 

mstead of mfection can best be explamed upon the basis of the activation of 
virus withm lungworm larvae that had been “lost” m non-respiratory tract 
tissues There is no reason to suspect, if masked swme mfluenza virus ac- 
tivated within the respiratory tract results m chnical infection, that that 
activated outside the respiratory tract should not, hke active virus placed 
there by moculation, mduce an immune response without clmical mfection 
It has not as yet been possible to explam the change which takes place m 
active swme mfluenza virus when, upon entering the lungworm, it becomes 
masked Neither has it been possible to visualize the mechamsm whereby 
the masked vims can agam be converted into an mfective form upon its return 
to susceptible swme That the phenomenon, whatever its mechanism, achieves 
and insures prolonged survival of the vims is mdicated by Experiment 5, m 
which 17 months elapsed between mfection of the swme mitially furnishmg 
the vims and the eventual establishment of the vims as an mfectious agent m 
another swme In like maimer, m Experiment 6, 2 years mtervened between 
the swme that originally supplied the vims and the ones that were eventually 
immunized by it The swme mfluenza vims is not to be considered, from 
its known properties, an unusually resistant agent It is destroyed m 24 
hours by mcubation at 37 °C in salme suspension, preserved under favorable 
conditions m 50 per cent glycerol at refngerator temperature one cannot 
depend upon its remammg viable for much longer than 2 months , and m the 
respiratory tract of an infected swme the vims is not detectable after the 7th 
day It is thus apparent that the survival periods recorded for swme mfluenza 
vims m the present experiments are very unusual and probably could be 
duplicated under no set of experimental conditions for storage that might be 
devised To the bacteriologically tramed person, the possibility that maskmg 
of swme influenza vims may be comparable m at least some of its characteristics 
to spore formation among certain bacteria comes to mmd at once Whatever 
its nature, the mechanism furnishes a potential means for the preservation of 
swme mfluenza vims from one epizootic of swme mfluenza to the next In fact 



RICHAIID E SnOPE 


67 


the period of sur\ ival of the virus recorded m the present cTpcriments is over 
tv, ice that which would account for its persistence throughout the usual in 
tercpizootic period 

It IS believed that the puzzling findings described m the preceding paper 
(1), m which s\\ me mfluenza a irus infections ^\erc elicited in apparently normal 
swmc receivmg multiple intramuscular mjcctions of U injlucn'-ae sms, can 
be explained on the basis of the results recorded m the present paper The 
sume used m those experiments were observed to have been infested \Mth 
lungworms From the uxiy m which those experiments and the ones described 
in the present paper duplicated one another it appears obvious that the same 
explanation will hold for both On this basis mashed swine influenza vims 
present m the lungworms of the swine used is considered to have been ac 
countable for the influenza infections induced 

SUlQIAltY 

1 The swine lung\vorm can serve as mtenncdiate host m transmitting swme 
mfluenza virus to sw me The virus is present in a masked non infective form 
m the lungworm, however, and, to mduce infection, must be rendered active 
by the application of a provocative stimulus to the swme it infests Mul- 
tiple intramuscular mjections of H tnfiucnzae suis furnish a means of provok 
mg mfcction Swme influenza infections can be provoked m properly prepared 
swme dunng the autumn, wmter, and sprmg, but not during the summer 
The phenomenon, while not regularly reproducible, occurs m well over half 
the experiments conducted outside the refractory period of summer No 
explanation for the failures is apparent 

2 The virus can persist m its lungworm mtermediate host for at least 2 
years 

3 Swme infected with sw me influenza virus by way of the lungworm mter 
mediate host exhibit a more pronounced pneumonia of the postenor lobes of 
the lung than do animals infected mtranasally w ith virus The situation of 
the worms providmg the virus will account for this 

4 Occasional swme infested with lungworms carrying influenza virus fad 
to become clinically lU after pro\ocation but instead become immune In 
these it is believed that lungworms containmg the virus are localized outside 
the respiratory tract at the time of provocation 

5 It IS believed that the experiments described furnish an explanation for 
the findmgs recorded m the preceding paper, m which swme mfluenza virus 
infections were mduced m apparently normal swine by multiple mjections 
of H xnjiuenoae suis 

6 In a smgle experiment swme lungworms failed to transmit hog cholera 


virus 
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Previous studies have indicated that preparations of elementary bodies of 
vaccmia can be obtained which exhibit great constancy m their immunological, 
physical, and chemical properties These studies have shown that the virus 
IS composed chiefly of protem, thymonuclcic acid, lipid, and carbohydrate, 
which occur m constant proportions m different lots of purified virus, and m 
concentrations not materially different from those found m bacterial cells 
(1, 2) No independent metabolism of elementary bodies has yet been dis 
covered Parker and Smythe (3), m 1935, were unable to demonstrate the 
utilization of oxygen by purified elementary bodies m the presence of hexose- 
monophospbate and ^‘respiratory factor/* nor could they obtam evidence 
of aad production under anaerobic conditions with glucose*monophosphate, 
bicarbonate buffer, and, an extract of tissue as a source of respiratory sup- 
plement 

The obligate parasitic nature of the elementary body of vaccinia makes it 
unlikely that an mdependent metabolism, apart from the host cell, exists 
It IS not unreasonable to assume, however, that the elementary bodj possesses 
an mcomplete metabohe system, relymg m part, or even in the mam, on con 
stituents withm the host cell for its completion With this hypothesis m 
mind we have searched for the presence m purified virus of substances which, 
m bacteria and more highly organized cells, are known to participate in oxida- 
tion reduction chains In this paper results of our search are recorded 

experimental 

A detailed description of the methods used in the concentration and purification of 
elementary bodies of vaccima has appeared m an earlier publication (1) Freshly 
prepared, active vims dried to constant weight, was used m each experiment recorded 
m this study 

Attempts to Demonstrate a Cytochrome System 

Respiration m aerobic organisms is known to go m part, if not chiefly, 
through the tytochrome system, which acts as a reversible oxidation reduction 
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ImL between oxygen and certain enz 3 Tne systems which have become reduced 
m the process of the oxidation of cell substrates (4, 5) So far as it is now 
known, all cells which are able to use molecular oxygen contam one or more 
members of a group of protem porphyrins with iron m tetra-p 3 aTohc combma- 
tion These substances are known collectively as the cytochromes, and have 
been shown to participate m reversible oxidation-reduction processes within 
the cell (5) An en 2 yme, cytochrome oxidase, concerned with the rapid oxida- 
tion of reduced cytochrome, has been studied in detail by Keilm and Hartree 
(6) Both spectroscopic and enzymatic methods are available for the de- 
tection of cytochrome c (7) 

Spectroscopic Examination — In selected biological material, suitably pre- 
pared, the bands of reduced cytochrome can often be seen clearly with the aid 
of a microspectroscope A search for the cytochrome system m vaccme virus 
was first made spectroscopically by means of a small Zeiss microspectroscope 
which was substituted for the eyepiece of an ordmary monocular microscope 
A hangmg drop preparation, contammg a thick suspension of elementary 
bodies m 5 per cent sodium hyposulfite was prepared and exammed repeatedly 
with a strong hght source for the bands of reduced cytochrome No absorp- 
tion of any type was evident withm the visible range of the spectrum Under 
the same conditions the bands of reduced cytochrome m a suspension of yeast 
were clearly observed The opacity of the elementary body preparation, 
however, made it possible that famt bands of reduced cytochrome might well 
have been obscured, and consequently missed by this technique We accord- 
mgly turned to the second method, employmg cytochrome c, cytochrome oxi- 
dase, and a variety of hydrogen donators, m an attempt to demonstrate cyto- 
chrome oxidase and cytochrome c, respectively, m preparations of elementaiy 
bodies of vaccima 

Examination of Virus for Cytochrome Oxidase — Cytochrome c was prepared 
by the method of Keilm and Hartree (8) This substance, together with 
paraphenylenediamme and certain other hydrogen donators, can be used to 
demonstrate the presence of cytochrome oxidase m suitably prepared biological 
materials, as shown by oxygen uptake in the Warburg apparatus Under 
carefully controlled conditions, the rate of oxidation of the paraphenylenedi- 
amme in the presence of pure cytochrome c is proportional to the concentration 
of the cytochrome oxidase which is contamed m the substance tested 

1000 gm of fresh beef heart muscle were freed from fat and ligaments and ground 
finely in a meat chopper The pulp was mixed with an equal volume of 0 15 n (2 5 
per cent) trichloracetic acid The mixture was allowed to stand at room temperature 
for 2 hours with occasional stunng, after which the fluid was pressed out, brought to 
pH 7 with sodium hydroxide, and centrifuged for 10 mmutes The clear supernatant 
fluid was draivn off by suction, and 50 gm of ammomum sulfate for each 100 cc of 
matenal was added The preapitate was filtered off and discarded The filtrate 
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was next treated with an addibonal 5 gm of ammonium sulfate per 100 cc. and 
allowed to stand overnight m the cold The matenal was then filtered, and while 
cold there ivas added 1/40 volume of cold 20 per cent trichloracetic aad The fine 
red preapitatc which appeared at this point m the procedure was collected by cen 
tnfugation The prcapitate was shaken with saturated ammonium sulfate and 
centrifuged again, after which it was transferred to a cellophane sac m a minimal 
amount of distilled water and dialyzed for 48 hours at 4 C against 1 per cent sodium 
chloride Finallj the contents of the sac were shaken with a few drops of chloroform, 
filtered, and frozen and dried tn vacuo 

An analysis performed on a sample of this matenal, dned to constant weight and 
ashed revealed an iron content of 0 4 per cent which is dose to the value given by 
Theorell and Akesson for punfied cytochrome c (9) The high activit> of this ma 
tcnal was demonstrated by oxygen uptake m the presence of paraphenylenediamme 
and {ytochrome oxidase in the Warburg rcspiromcter 

A sample of cytochrome c prepared by this tediniquc was diluted with water until 
1 cc. gave an oxygen uptake of 250 to 300 c.mm per hour m the presence of an excess 
of hydroqumone and cytochrome oxidase Freshly prepared elementary bodies, m 
5 to 15 mg lots, were suspended m 1 5 cc. of phosphate buffer, mixed with 0 5 cc of 
the diluted cytochrome c solution, and placed in a Warburg respiration flask In the 
side arm was placed 0 5 cc, of water contaimng 3 6 rag of hydroqumone The flask 
was attached to the manometer, cock sealed, and shaken m the water bath at 37^C 
IVhen temperature equilibrium had been reached, the hydroqumone solution was 
tipped into the elementary body •€> tochrome c mixture, and the manometer read at 
frequent mtcrvals for oxygen uptake Control flasks with cytochrome e and hy 
droquinonc alone, were set up at the same tune 

No significant oi^gen uptake of the elementary body-cytochrome c hydro- 
qumone mixture, over that of the control flasks, was observed after 2 hours 
when the experiment was discontmued If the virus contamed tytochrome 
oxidase it was not possible to demonstrate it by this technique 

Examination of Vtms for Cytochrome c — A partially punfied (ytochrome 
oxidase for use in testing for cytochrome c was prepared from beef heart by 
the technique of Stotz and Hastings (10) 

50 gm of beef heart muscle were freed from fat and ligaments and ground twice m 
a meat chopper The finely ground material wras then placed m a bag made of two 
thicknesses of bandage gauze and washed m 1 liter of tap water at 40®C for lOmmutes, 
with occasional squeermg This procedure was contmued through 4 washings at 
40'‘C , alternating with 4 washings at 15®C The mass of washed matenal, squeezed 
dry, was next placed m a mortar and ground with 60 mesh alundum m 100 cc of 
m/15 KjHPO* until a smooth paste was obtamed The paste was allowed to stand 
at room temperature 30 minutes wath occasional stimng The matenal was then 
centrifuged at 2000 r p m and the sedunent discarded To the supernatant, which 
was allowed to stand at 4®C overmght was added an equal volume of 0 2 molar 
acetate buffer, pH 4 5 The mixture was then centrifuged and the supernatant 
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matenal discarded The precipitate was resuspended m 10 cc of ii/15 K2HPO4 

0 5 cc of this cytochrome oxidase preparation m the Warburg manometer was suffi- 
cient to yield an uptake of 20 to 30 c mm of oxygen per 10 mmutes in the presence of 
an active preparation of cytochrome c and hydroqumone 

Purified elementary bodies, freshly prepared, in S to 15 mg lots were suspended m 

1 5 cc of phosphate buffer and mixed with 0 5 cc of an active suspension of cyto- 
chrome oxidase in the Warburg respirometer flask In the side arm was placed 0 5 
cc of water contaimng 3 6 mg of hydroqumone When temperature equilibrium 
had been achieved, the hydroqumone solution was tipped mto the elementary body- 
cytochrome oxidase mixture, and the manometers read at frequent mtervals for 



Text-Fig 1 The oxidation of cystem by purified elementary bodies of vaccinia 

oxygen uptake A control, with cytochrome oxidase and hydroqumone alone, was 
set up at the same time 

No appreaable oxygen uptake of the elementary body-cytochrome oxidase- 
hydroqumone mixture, over that m the control flasks, was observed after 2 
hours when the experiment was discontmued l^flien the eigienment was 
repeated, paraphenylenediamme being used as a hydrogen donator, a signifi- 
cant oxygen uptake occurred which lasted over a period of 2 hours 

A much greater and more consistent oxygen uptake, however, was demon- 
strated when cystem replaced paraphenylenediamme as a reduang agent 
In this instance, the o:tygen uptake was as great m the control system, which 
was composed of elementary bodies and cystem, without the addition of cyto- 
chrome oxidase (Text-fig 1) 

1 mg of fresh elementary bodies was suspended m 0 15 si buffer and placed m the 
bottom of a Warburg flask In the side arm is as placed 1 cc of an aqueous solution 
contaimng 6 mg of cystem Suitable controls, wth elementary bodies and buffer 
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and cjstein and buffer, were set up at the same time After temperature equilib- 
rium had been achieved, the cystein solution m the side arm was tilted into the 
respirometer flask, the manometers were read at 10 minute intervals for oxygen up- 
take The rate of oxjgcn uptake from the oxidation of cystem by elementary bodies 
of vacama is shown m Text fig 1 

Identical rates of cystem oxidation by elementary bodies and by elementary 
bodies plus cytochrome oxidase indicated that no participation by cytochrome 
oxidase in this reaction was likely With paraphenylenediamme, which is 
kno^vn from redox potential oinsidcrations to be less specific than hydroqumone 
in the enzymatic reduction of cytochrome e, the case is not so clear, smee no 
appreaable oxidation of paraphen) Icnediammc by elementary bodies of vac- 
cmia without added cytochrome oxidase could be demonstrated Results 
obtamed by the use of paraphenylenediamme are also rendered ambiguous by 
the fact that its oxidation is catalyzed by traces of cytochromes a and b which 
in most cases contammatc preparations of cytochrome oxidase 

Search for a Melallic Catalyst 

The catalytic effect of metals on the oxidation of paraphenylenediamme 
(8) and cystem (11) is well known That a metallic component was responsible 
for the catalysis noted above was further indicated by the effect of potassium 
cyanide which m a concentration of 0 002 molar was effective m completely 
blockmg the reaction Aa' dipyridyl, which is known to prevent oxidative 
catalysis by traces of feme ion, was wholly without effect, mdicating that 
morganic iron did not play a part in this reaction Sodium diethyl-dithio- 
carbamate, however, was effective m completely prevenUng the oxidation 
of cystein by elementary bodies of vaccmia This substance has long 
been known to block copper catalysis by irreversible combmation with the 
copper ion, and, because of this reaction, can be made specific for the detection 
of copper if iron is previously bound by pyrophosphate or dipyndyl (12) 

The fact that the oxidation of cystem by elementary bodies of vaccmia was 
blocked effectively by sodium diethyl-dithiocarbamate made it likely that we 
were dealmg with a copper constituent It must be remembered that m 
higher concentration sodium diethyl-dithiocarbamate will block the catalytic 
effect of certam other metals, such as iron, cobalt, and magnesium That 
the catalytic effect was due entirely to a metallic component was mdicated by 
the fact that the ash from elementary bodies of vaccmia gave even a higher 
rate of cystem oxidation than would have been given by the mtact virus 

Metafile ions often contaminate reagents, and our first thought was that m 
the preparation of elementary bodies of vaccmia copper had been mtroduced 
as a contaminant Careful tests of the buffers and other reagents used m each 
step m the preparation of virus, however, failed to reveal a source of copper 
as a contaminant Stainless steel gauze was substituted for bronze for the 
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scanfication process which precedes the seeding of virus on the skin of rabbits 
without affecting the concentration of copper in the final product More- 
over, repeated washmg of the purified virus resulted in no appreciable change 
in the concentration of the catalytic substance Since in no instance could 
steps in the method of purification of the virus be shown to be responsible for 
the mtroduction of the relatively large amount of the catalytic substance 
observed m the purified virus, it was decided to attempt identification of the 
compound and find whether it was hnked with virus activity 
Spectroscopic Demonstration of Copper in Vaccine Virus — For proof that the 
catalytic substance m the purified virus was copper, we turned to spectroscopic 
studies Emission spectra procured for us by Dr G I Lavm on several samples 
of purified virus revealed the hues of copper m each mstance (Fig 1) 

The spectra were obtained by placing the dned materials m bored carbon electrodes 
which were then arced with 110 volts of direct current The lower electrode, con- 
taining the test substance, was made the positive one m each case The photographs 
were taken with a medium Hilger quartz spectrograph on 10 mch plates 

As a reference substance, 10 mg of dned egg albumin, containing 0 OS per cent of 
added copper as copper sulfate, was likewise arced m a bored electrode The re- 
sultmg emission spectrum was compared with respect to position and intensity with 
that obtamed from the purified virus As a second reference substance 10 mg of 
dned material separated from the virus in the last stage of purification (final honzon- 
‘ tal sediment) was likewise arced, and the resultmg emission spectrum was used for 
comparison 

When the emission spectrum of purified virus was photographed (Fig 1 a) 
the only hues to increase m intensity, over the residual traces given by the 
electrodes, were the copper hnes at 3247 and 3274 A, and those given by phos- 
phorus m the region of 2530 to 2555 A The copper Imes in the purified virus 
matched m position and mtensity those given by the copper added to the 
egg albumm (Fig 1 b, d) 

The spectrum obtamed from the honzontal sediment (Fig Ic) ordmarfly 
discarded m the final stage of vuus purification is mteresting m that it contains 
a number of hnes not seen m the purified virus The major fine at 3302 A is 
thought to be due to zmc Although this hne and others due to metalhc 
trace substances are absent from the final virus product, no dunmution m 
mtensity of the copper hnes occurred The absence of iron and other metallic 
constituents of tissue from the purified virus is highly significant m view of the 
origmal source of the virus, from animal skm This is additional evidence 
that there is no appreciable quantity of unpurities m our virus preparations 
Demonstration of Copper by Chemical Means — For quantitative determma- 
tion of the copper constituent, several methods were available The rate of 
cystem oxidation m the absence of other metalhc substances can m itself be 
made quantitative Comparison of the rate of cystem oxidation by elementary 
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bodies of vaccinia with the rate produced bykno^vn increments of copper ion 
revealed a copper content significantly over 0 03 per cent of the dry weight of 
the virus For direct chemical determination we were able to employ success- 
fully the method of Sachs et al (12), which could be performed on as little as 
15 mg of elementary bodies 

IS mg of elementarj bodies, dried to constant weight, were ashed at 600®C m a 
vitreosil thimble with the aid of 0 25 cc. of reagent nitnc and ^Vhcn ashmg was 
complete, as rc\caled by the complete disappearance of carbon, the ash was ex 
tracted with 3 cc. of 6 N hydrochloric and m 1 cc amounts by warming the mixture 
to insure solution The material was then transferred quantitatively to a 25 cc- 
volumctnc cylinder, and followed by 2 additional nnses of the vitreosil thimble with 
1 cc of distilled water A blank determination on reagents, mdudmg the ashmg 
procedure, was run at the same time 2 cc. of concentrated ammonia water was 
added and the solution cooled 1 cc of a 0 2 per cent aqueous solution of sodium 
diethyl-dithiocarbamate was next added and mued thoroughly with the test solu 


TABLE I 

Copper Contenl of Elementary Bodies of Voceinta 


Lot 

VInu tikeo (or •ulxils 

Copper 


•n 

ftr ttnX 

1 

15 

0 051 

2 

15 

0 056 

3 

15 

0 052 

4 

15 

0 (M8 


tion by rotation of the tube 10 cc, of isoamyl alcohol were next added, and the mix* 
ture shaken thoroughly for I minute The yellow complex of copper and diethyl 
dithiocarbamate was extracted quantitatively by the isoamyl alcohol and appeared 
m the isoamyl alcohol layer which rose slowly to the top and formed a sharp interface 
with the aqueous lay cr below The colored layer was removed by means of a pipette 
and transferred to a culonmetcr cup and compared with a known copper standard 
treated m an identical manner All reagents were tested for copper and made up fn 
triple glass-distilled water No test for copper could be obtamed on the reagents 
alone 

The results of copper determinations made on four different lots of purified 
elementary bodies are given m Table I 

Nature of Copper ConsMuent 

The fact that the copper constituent of our virus preparations was not ap- 
preaably altered by repeated washing of the purified virus indicated that the 
substance was held more firmly than by mere adsorption of inorganic copper ion 

VUrafiUralion of Elementary Bodies of Vaccinia — Ultrafiltration, m which 
the volume of waii water could be kept small, failed to lower significantly the 
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copper constituent, indicating that it was held firmly to the virus Copper 
sulfate, as a source of copper ion, added m amounts 4 to 5 tunes that present 
m the virus, was readily removed m two washmgs 

10 mg of elementary bodies was suspended m 10 cc of distilled water and placed m 
a copper-free cellophane bag made of VisLmg sausage casmg The upper end was 
knotted, and the bag placed m an ultrafiltration tube similar to that described by 
Coolidge (13) The tube was then placed in a centrifuge and spun for 2 hours at 
3500 R p M After that tune a measurable quantity of ultrafiltrate had appeared m 
the bottom of the tube below the glass constnction on which the cellophane tube 
rested This ultrafiltrate was tested for copper by means of the cystem oxidation 
technique and resultant oxygen uptake in the Warburg respuometer No significant 
trace of copper ion could be detected in the ultrafiltrate, and no dimmution m copper 
concentration was detectable m the elementary bodies from which the ultrafiltrate 
had been removed Added copper m amounts twice that already present m the virus, 
however, was readily removed by such treatment and could be recovered quantita- 
tively m the ultrafiltrate 

Electrodtalysts of Elementary Bodies — ^Electrodialysis is one means of m- 
surmg removal from proteins of metallic substances which are not held m 
organic combination The copper m certain of the purified copper proteins, 
such as tyrosmase and laccase, is not removed by this procedure In our ex- 
penence, the usual methods of electrodialysis render vaccme virus mactive 
With ordmary electrodes this can be traced to rapid and uncontrollable pH 
changes due to electrolysis of buffer Moreover, smce the removal of metallic 
substances by electrodialysis is also affected greatly by small pH changes, it 
was necessary to devise some technique whereby pH could be carefully con- 
trolled and shifted easily by a vanety of buffers An electrodialysis unit, 
devised several years ago by Dr J H Bauer and Dr T P Hughes of the 
Intemational Health Division of The Rockefeller Foundation, was modified 
accordmg to the accompanymg illustration and found quite satisfactory for our 
purposes 

5 glass cells, with ground contact jomts, were separated by cellophane discs which 
were sealed to the contact joints by rubber cement A platmum electrode was placed 
m each of the end cells and buffer of any desired molanty and pH, from a reservoir 
above, was allowed to run slowly mto cells B and B' and over mto A and A' by means 
of glass U-tubes, as shown m Text-fig 2 From the end cells, the buffer was allowed 
to dram away at a rate which was controlled by two screw clamps attached to the 
outlet tubes The matenal to be dialyzed was placed in the middle cell, separated 
from the electrode cells by cells B and B' which were slowly but contmuously nnsed 
with new buffer pH determinations, done at frequent mtervals with the glass elec- 
trode, revealed no changes m pH, either m the center or two adjacent cells, over a 
period of 3 to 4 days of contmuous electrodialysis 

10 mg of freshly prepared elementary bodies of vaccinia were suspended m m/20 
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atrate NaOH buffer, and submitted to continuous clcctrodialysis for 36 hours at 
20®C , Tvitb a potential of 1 10 volts and a current of 20 railliampcres Samples of the 
suspension of virus v.erc removed for copper aiiaJ>’scs and infcctivitj studies at 6 
hour mtervals 

With m/ 20 citrate NaOH buffers, over a pH range of 6 to 8 5 no drop m 
copper concentration was observed Moreover, no drop m mfectivity of the 
virus over control samples of virus kept at the same temperature and pH was 
noted Copper added to egg albumm in one instance and washed suspensions 



Text Tic 2 Modified Hughes Bauer clcctrodialysis apparatus m which the pH is 
controlled by means of circulating dilute buffer 

of Laciobacillits casei in another, m amounts equivalent to that found m vaceme 
virus, was readily and completely removed withm 4 to 6 hours over the same 
pH range Finally, copper ion added to virus suspensions could likewise be 
removed by this technique 

Concentration of Copper Constituent with Purification of Virus — K study of 
the virus matenal at vanous stages of purification has yielded certam mforma 
tion concemmg the constituents which make up the purified virus The 
virus oinstituents are necessarily concentrated as the purification proceeds, 
while the constituents representmg contammants ansmg from the skm of the 
rabbit tend to disappear (1) A study of the virus matenal during the process 
of purification showed a stnkmg increase m the amount of copper 

A portion of the dermal pulp scraped from the skin of rabbits infected with vac 
nnia was separated from the virus by differential centrifugation as desenbed in an 
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copper constituent, indicating that it was held firmly to the virus Copper 
sulfate, as a source of copper ion, added in amounts 4 to 5 times that present 
in the virus, was readily removed in two washmgs 

10 mg of elementary bodies was suspended m 10 cc of distilled water and placed m 
a copper-free cellophane bag made of Viskmg sausage casing The upper end was 
knotted, and the bag placed in an ultrafiltration tube similar to that descnbed by 
Coolidge (13) The tube was then placed m a centrifuge and spun for 2 hours at 
3500 R P M After that tune a measurable quantity of ultrafiltrate had appeared m 
the bottom of the tube below the glass constnction on which the cellophane tube 
rested This ultrafiltrate was tested for copper by means of the cystem oxidation 
techmque and resultant oxygen uptake in the Warburg respuometer No significant 
trace of copper ion could be detected m the ultrafiltrate, and no dimmution m copper 
concentration was detectable m the elementary bodies from which the ultrafiltrate 
had been removed Added copper m amounts twice that already present m the virus, 
however, was readily removed by such treatment and could be recovered quantita- 
tively m the ultrafiltrate 

Eleclrodtalysis of Elementary Bodies — Electrodialysis is one means of in~ 
surmg removal from proteins of metallic substances which are not held m 
organic combmation The copper in certain of the purified copper proteins, 
such as tyrosmase and laccase, is not removed by this procedure In our ex- 
perience, the usual methods of electrodialysis render vaccine virus inactive 
With ordmary electrodes this can be traced to rapid and uncontrollable pH 
changes due to electrolysis of buffer Moreover, smce the removal of metallic 
substances by electrodialysis is also affected greatly by small pH changes, it 
was necessary to devise some technique whereby pH could be carefully con- 
trolled and shifted easily by a vanety of buffers An electrodialysis imit, 
devised several years ago by Dr J H Bauer and Dr T P Hughes of the 
International Health Division of The Rockefeller Foundation, was modified 
accordmg to the accompanymg illustration and found quite satisfactory for our 
purposes 

5 glass cells, with ground contact joints, were separated by cellophane discs which 
were sealed to the contact jomts by rubber cement A platmum electrode was placed 
m each of the end cells and buffer of any desired molanty and pH, from a reservoir 
above, was allowed to run slowly mto cells B and B' and over mto A and A' by means 
of gtaw U-tubes, as shown m Text-fig 2 From the end cells, the buffer was allowed 
to dram away at a rate which was controlled by two screw clamps attached to the 
outlet tubes The matenal to be dialyzed was placed m the middle cell, separated 
from the electrode cells by cells B and B' which were slowly but contmuously nnsed 
with new buffer pH determmations, done at frequent mtervals with the glass elec- 
trode, revealed no changes in pH, either m the center or two adjacent cells, over a 
penod of 3 to 4 days of contmuous electrodialysis 

10 mg of freshly prepared elementary bodies of vaccinia were suspended m m/20 
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time, but against phosphate buffer alone The reduction m titre m both 
instances may have been due to agglutmation occumng as a result of increased 
electrolyte concentration 

Sludies of Enz^malic Activity of the Copper Constituent — great many 
copper proteins are now known (5) Hemocyanm, hemocuprem, hepato- 
cuprem, polyphenol oxidase, laccase, and tyrosmase are representatives of a 
group of protems contammg copper m organic combination The three latter 
substances are enzymes and are active m the oxidative catalysis of certam 
benzenoid compounds On the basts of the possibihty that a similar enzymatic 
rfile could be ascribed to the copper constituent m the elementary body of 
vaccmia, the effect of the intact vims on a number of substrates of the ben 
zenoid senes was studied 

1 5 cc. of u/150 catechol m phosphate buffer, pH 7 7, v^e^e placed m the side arm 
of a Warburg respiration flask 2 mg of freshly prepared elementary bodies of 
vacania suspended m phosphate buffer were placed at the bottom of the vessel 
Controls of substrate and buffer wthout virus were «et up at the same time The 
manometer cocks were closed and the shaking apparatus set at BO per minute When 
temperature equilibrium had been acbie\cd, the catechol substrate was tilted into 
the elementary bod\ suspension and the manometers obsen.cd at 10 minute intervals 
for oxygen uptake No reaction v.as observed in 2 hours when the expeninent was 
discontmued 

A similar attempt to demonstrate the catalytic oxidation of other benzenoid 
compounds was made No oxygen uptake was detected when parapbenylene- 
diamme, hydroqmnone, oranol, phlorogluanol, benzidine, or tyrosine was used 
as a substrate with 2 0 mg of freshly prepared virus m a system similar to 
that desenbed in detail for catechol 

DISCUSSION 

It IS mterestmg that a certam degree of parallehsm between virus punfica 
tion and copper concentration can be demonstrated This is particularly 
significant in view of the fact that other metallic constituents present m the 
early stages of virus purification are absent from the final product in so far 
as can be demonstrated spectroscopically The fact that no significant spec 
troscopic traces of iron compounds exist m the purified virus mdicates, we 
beheve that no appreaable contamination of the purified virus with cellular 
debns is likely 

The demonstration of a copper constituent assoaated with the purified 
elementary body of vaccmia further emphasizes the complexity of the ele 
mentary body of vaccmia That the material is not one of the known copper 
protein enzymes is fairly certam, as evidenced by its lack of reactivity with 
the known substrates of these substances Failure to be removed by electro 
dialysis over a pH range m which the virus remains active mdicates that the 
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earlier publication dealmg with the punhcation of elementary bodies of vaccima (1) 
This material was washed several tunes m dilute buffer and finally sedunented by 
prolonged centrifugation and dried from the frozen state Successive sediments, 
ordmarily thrown away m the course of virus purification, were hkewise retamed, 
washed m successive changes of dilute buffer, dried from the frozen state, and analyzed 
for copper The values for copper obtamed after ashing of the dried sediments are 
recorded in Table If, together with the copper content of the purified virus separated 
from these successive sediments 

The successive analyses (Table 11) show that a 25-fold increase in copper 
concentration occurred durmg the process of purification of elementary bodies 
of vaccinia The relatively high copper content of the final sediment, which 
is ordmarily discarded durmg the process of virus concentration and purifica- 

TABLE n 


A Companson of the Copper Contait of Vacctne Vmts with That of Materials Discarded during 

Purification of the Virus 


Material 

Matenal taken for 
analysis ^ 

Copper 


ms 

Per cent 

Crude dermal pulp 

20 


“First horizontal sediment” 



“Fmal horizontal sediment” 

20 

0 040 

Purified virus 

20 

0 OSO 


tion, IS not surpnsmg smce it is known to contam large amounts of the active 
agent 

Dtalysts of Elementary Bodies against Potassium Cyanide Solution — ^Kubowitz 
(14) has claimed to show that the copper constituent of certam copper protein 
enzymes can be removed by dialysis agamst a dilute solution of potassium 
cyanide, with resultant loss of activity of the protem Upon addition of copper 
m the form of morganic salts, the activity of the protem is restored An at- 
tempt to remove the copper from vaccme virus by dialysis agamst potassium 
cyamde was unsuccessful 

20 mg of freshly prepared elementary bodies of vaccmia were suspended m dilute 
phosphate buffer m a cellophane sac and dialyzed with frequent agitation against 
0 1 molar potassium cyamde at pH 7 2 for 48 hours at 4°C The virus was next 
dialyzed agamst distilled water until free of cyanide, after which the virus suspension 
was frozen and dried to constant weight tn vacuo 

An analysis of this preparation by means of ashing and color produced with 
sodium diethyl-dithiocarbamate revealed no significant loss of copper The 
mfectivity of this material, although dropping somewhat, was not less than 
that observed m a comparable virus control dialyzed for the same period of 
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copper IS bound with a degree of firmness exhibited by known copper proteins, 
such as tyrosmase and hemocyanm It is temptmg to assume that a metallic 
group such as copper, by virtue of its known r61e as an oxidative catalyst, 
may possibly function m the respiratory activity of the vuns No proof of 
such a function can be furmshed at this tune 

SUMMARY 

A search by means of spectroscopic and enzymatic techxuques has failed to 
demonstrate either cytochrome or lytochrome oxidase in purified elementary 
bodies of vaccima A constituent of the virus which catalyzes the oxidation 
of cystem has been found and identified as copper m a concentration amountmg 
to 0 05 per cent of the dry weight of the vuiis The copper constituent was 
not removed by repeated washmg, ultrafiiltration, dial 3 ^is against 0 1 molar 
potassium cyanide, or by electrodialysis over a pH range which did not m- 
activate the virus Dunng the process of purification of the virus a 25-fold 
mcrease of the copper constituent was observed Emission spectra obtamed 
from the dry virus ako revealed copper but no significant traces of other metalhc 
substances No biological rdle can yet be ascribed to the copper component 
of virus 
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EXPLANATION OF PLATE 6 

Fig 1 Emission spectra of purified elementary bodies of vaccmia (a), of egg al- 
bumm to u hich copper was added to 0 05 per cent concentration (t, d), and of material 
removed from elementary bodies of vaccmia m final stage of purification (c) 



THE EFFECT OF THE ATROS HOST CELL RELATIONSHIP ON 
INFECTION WTTH VACCINIA* 

By DOUGLAS H SPRDNT M D 

(From the Department of Pathology^ Duke University School of Medicine, 
Durham, North CaroUna) 

(Received for pubhcation, April 12, 1941) 

In the course of certain recent experiments (1) it was observed that the chance 
of a virus preparation causing infection m an animal could not be predicted 
solely by the amount of virus mjected and by the host’s resistance but Nvas in 
iluenced by still another variable It seemed possible that this \anable 
might be the tissue mass (number of cells) exposed to each virus particle If 
this were true it would be a new aspect of the well recognized obhgate para 
sitism of viruses and would be also of practical importance in experiments 
concerned with titration of viruses m animals In order to examme this 
possibility experiments were designed in which the amount of virus and the 
host resistance were kept constant but the number of host cells exposed to 
the virus varied This was done by three types of experiments (1) varying 
the amount of moculum, (2) localizmg and (3) increasing the spread of a con 
slant quantity of virus Localization was accomplished by injecting the am 
mals with estrogenic hormone which Spnint and McDearman (2) had shown 
to localize the spread of particulate material Increase m spread was accom 
plished by adding an aqueous extract of testis to the virus preparation follow- 
ing the work of Duran Reynals (3) These experiments all showed that the 
tissue mass (number of cells) exposed to the virus was an important factor 
m predictmg the chance of a lesion 

3/ethods and Matcnah 

Ammals — Normal, white, adult male rabbits weighing about 2 kilos were used 

Virus — ^The virus employed was a strain of vacane lymph obtained from the North 
Carolina Laboratory of Hygiene, Raleigh This strain has been described in detail 
(4) This virus had been passed serially more than SO times m rabbit skin It was 
purified as described by Craigic and Wishart (5) and Parker and Rivers (6) Measured 
amounts of this virus were rapidly lyophihzcd and kept sealed m a vacuum until 
ready for use This vuiis preparation is referred to m this paper as ' ordinary virus 
to distmguish it from the other preparation desenbed below 

* Reported m abstract before the American Soaety for Experimental Pathology, 
April 16, 1941 Aided in part by a grant from the Duke Umversity Research CounciL 
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the number of \ irus particles m the inoculum For example, m Experiment 1 
It IS seen that N\hen 0^0 cc of the \arious virus dilutions uas used a 50 per 
cent point of 7 OS (1 12,000,000) resulted But when a 0 10 cc inoculum uas 
employed, that is, 1/5 the number of virus particles ^^ere injected, the 50 per 
cent point obtamed ^vas 7 04 (I 11,000,000) instead of 6 39 (1 2,400,000) 
These results indicate that the smaller inoculum w-as relatively the more ef 


TABLE I 

Cffed of St e of Jnocuium on SO Per Cent Potni 


Volume e( {oocalum | 

1 No of Injections olnchdilutloo 

1 Log of SO per cent point 

ce 

0 SO 1 

Expenment 1 

1 7 OS 

0 10 1 

1 

7 04 

0 50 

Experiment 2 

16 

7 89 

0 10 

16 

7 83 

0 05 

16 

7 72 

1 00 

Expenment 3 

20 i 

8 13 

0 25 

24 

7 96 

0 05 

24 

7 66 

2 00 

Expenment 4 
f IS 

f 8 41 

0 25 

24 

8 41 

0 05 

24 

7 92 

1 00 

Expenment 5 

1 1 

1 8 48 

0 25 

1 24 

8 37 

0 05 1 

24 

7 91 


fective Similar results are seen in the other expenments The explanation 
of this apparent paradox is that the number of cells exposed to each virus 
particle in the smaller inoculums was greater than the number exposed to 
each particle m the larger moculums Although the concentration of the par 
tides m 1 cc and 0 25 cc. was the same, exposmg when mjected the same number 
of cells per partide, this equality was destroyed followmg injection because of 
the conditions under which spread must take place in the skm Proof of this 
pomt IS based on studies of vanous sized moculations of India ink suspensions 

The method of making the mjections of mk and measuring their spread is given 
elsewhere (2) When a solution is injected m the skin it takes the form of a disc 
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The Strain of virus which for convenience in this paper we have called the “estro- 
genic passage strain was prepared as follows The **ordinaiy** virus was passed seri- 
ally through 10 rabbits each of which had been injected with the estrogenic hormone 
for 3 weeks After the 10th passage the vnus was purified and sealed in a vacuum 
as described above 

Eormones —The estrogemc hormone used was estradiol dipropionate/ each dose 
of which contained 0 2 mg m 0 25 cc of sesame oil Smgle daily injections were made 
for 3 weeks pnor to mjection of the virus and m each case were contmued until the 
end of the experiment The control rabbits were given 0 25 cc of sesame oil tlaily 
but no hormones 

Spreading Factor — ^Adult bull testicular tissue was triturated with alundum, 
1 cc of Locke’s solution was added for each gram of testis, the suspension was centn- 
fuged, and the supernatant fluid was stored m the refngerator Just prior to use, 
this stock solution was diluted 1 33 with Locke’s solution and then added m equal 
parts to the virus dilutions making a final dilution of 1 66 A 0 10 cc inoculation of 
the testicular extract when mixed ivith India ink in this dilution was found to have a 
mean spread in 4 hours of 6 33 sq cm 

Titrations — Smce the approximate strength of the virus was known, 7 twofold 
dilutions could be made so that moculums from the most dilute one would cause either 
no lesions or only a few and moculums from the least dilute would cause lesions m 
every instance Only 1 set of dilutions was made for each experiment In the 
Variation in Size of Inoculum Experiments, different sized samples of the virus dilu- 
tions were used In the Localization of Spread Experiments the same dilutions m 
0 25 cc amounts were moculated mto both the control and the treated animals 
In the Increased Spread Experiment half of each dilution was mixed with a 1 33 suspen- 
sion of the aqueous testicular extract Then 0 10 cc of each dilution of the virus 
without the testicular extract was mjected into each rabbit m 1 group and the same 
amount of the virus with the spreadmg factor mto each rabbit of another group 
Separate groups of rabbits had to be used m this experiment, as the virus with spread- 
mg factor caused the lesion to appear much sooner than did the control virus and fre- 
quently to spread over the control lesions In aU except the first experiment in this 
group deamal instead of twofold dilutions were used 

EXPERIMENTAL 

Variation in Size of Inoculum Experiments — ^These expenments were de- 
signed to determme the relationship between the volume of the moculum and 
the probabdity of a lesion Table I shows the results obtained Column 2 
of this table shows the number of each of 7 twofold dilutions mjected Column 
3 shows the logarithm of the 50 per cent pomt The 50 per cent pomt is that 
dilution of the virus preparation from which 50 per cent of the moculums, 
when mjected mtradermally, produce positive lesions All of these experi- 
ments show that the 50 per cent pomt does not vary m direct proportion to 

1 The alpha-estradiol dipropionate (di-ovocyhn) was kmdly supphed by the Ciba 
Pharmaceutical Products, Inc 
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Localization of Vxrtts Experiments — ^In previous publications (2, 7) it 
shown that the estrogenic hormone localized particulate matter in the skin and 
also increased the resistance of tlie rabbit to infection with vaccmia It ^vas 
thought that this increased resistance was due either to the localization of the 
virus or to tlie fact that the estrogenic hormone had so changed the treated 
animals as to render them less susceptible The latter was considered likely 
as it IS well known that the serial passage of a virus through one type of host 
mcreases the virulence of the virus for this host If the estrogenic hormone 
had changed the host and if the virus was adapted by senal passage to animals 
which had received this hormone, then the animals receivmg this hormone 
should be more susceptible to the “estrogenic passage virus” than the untreated 
rabbits This experiment w'as designed, therefore, to determine which of these 
factors was the important one The results are shown m Table H It is seen 
in this table that a larger amount of both the “ordmary” and “estrogemc 


TABLE ra 

EJltd cj Dupernon of Inoculum on SO Per Cent Point 



CODtrol 

Sprendlnf Uctoi 

N« oflsjcc 
tloosel cicb 
dilution 

Lose! SO per 
real pclat 

No ofiajec 
Uonj el etch 
dilutioa 

Los of 50 per 
eeatpelol 

Expenment 1 

18 

6 3 

18 


Experiment 2 

12 

5 5 

6 


ExpentfttatS 

12 

S 6 

6 


Expenment 4 

12 

5 4 

6 



passage virus” was required to infect the animals injected with the estrogenic 
hormone than was required to infect the controls Hence of these two possi 
bQities the localization of the virus is the important one 
Increased Spread Experiments — Duran Reynals (3) has shown clearly that 
the addition of an aqueous testicular extract to vaccinia mcreases the size of 
the lesion and also increases the spread of India ink Reasonmg from these 
facts, it would seem that use of the spreadmg factor would expose a greater 
number of cells to each virus particle The purpose of this experiment was to 
show whether, under such circumstances, the probabihty of a lesion would be 
mcreased Table m shows the results obtamed It is seen that when the 
vuus IS mixed with the spreading factor it takes only about 1/10 as much virus 
to infect as it does without the spreadmg factor When the latter is used, the 
lesions are difficult to read as they are quite diffuse Wherever there was any 
question regarding the presence of a lesion we have m every mstance considered 
It as no lesion, hence it is thought likely that the results obtamed should have 
been greater thus making a larger divergence between the virus with and with 
out the spreadmg factor 
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With a slight bulge at point of injection Since the skin is of uniform thickness a 
measurement of the surface area covered by the India ink gives a reasonably precise 
measurement of the volume of tissue involved The surface area covered by 1 cc 
was found immediately after injection to be 4 71 sq cm and an moculum of 0 25 cc 
was found to spread over 1 20 sq cm These areas manifestly have the same rela- 
tionship to each other as did the volumes of the moculums After 1 hour the spread 
of 1 cc of India ink was 8 31 sq cm and 0 25 cc was 3 88 sq cm This approiomate 2 


TABLE n 

Ej^ect of LocalKalion of Inoculum on 50 Per Cent Point 



No of injections 
of each dulution 

Log of 50 per cent 
point 

Mean spread of 
India ink in 4 hrs 


Experiment 1 


cm 

Ordmary virus 




Control animals 

28 

6 54 

11 45 

Estrogen animals 

23 

6 20 

9 04 

Difference 


0 34 

2 41 

Estrogemc passage virus 




Control anqnals 

27 

6 29 

11 45 

Estrogen animals 

24 

5 92 

9 04 

Difference 


0 37 

2 41 


Experiment 2 


Ordmary vims 




Control animals 

28 

6 01 

10 53 

Estrogen ammak 

28 

5 77 

! 8 53 

Difference 


0 24 

2 00 

Estrogemc passage virus 




Control animals 

28 

5 90 

10 53 

Estrogen animals 

28 

5 61 

8 53 

Difference 


0 29 

2 00 


to 1 ratio had remamed constant when measurements were made at 2 and 4 hours 
It IS apparent therefore, that twice as many cells were exposed to each virus particle 
m the 0 25 cc inoculum as were exposed to each particle m the 1 cc moculum For 
example, if the 1 cc inoculum mvolved 80 cells then 0 25 cc would mvolve 40 cells 
If the dilution injected contams 8 virus particles per cc. then with 1 cc moculum we 
would have 1 virus particle per 10 cells and m 0 25 cc. inoculum 1 virus particle per 
20 cells 

That the ratio should change from 4 to 1 to 2 to 1 followmg moculation is under- 
standable when it IS reahzed that the injected material takes the form of a disc in the 
dm and can only spread from the periphery of this disc The circumference of the 
disc from 1 cc (4 71 sq cm ) and 0 25 ca (1.20 sq cm ) are found to be 7 73 cm and 
3 88 cm which have a 2 to 1 ratio 
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samples which would contain 1 particle or 2 particles or n particles and to draw senes 
of curves using the number of particles as the abscissa and the percentage positive as 
the ordinate Or, if ViC know the percentage of inoculations positive for any given 
dilution It IS then possible to predict the number that should be positive for any other 
dilution as shown m Text fig 1 The slope of the curve would become steeper m 
proportion to the inaease in the number of particles necessary to infect m any given 
sample In actual practice the procedure is to take some point, gencrallj the point 
indicating that 50 per cent of the injections arc positive and SO per cent negative, and 
construct the curNcs for 1 or more particles from this point The curve which the 



Text Fig 1 Experimental data obtained with a preparation of vaccinia virus 
The curve with the steeper slope is a 5 particle curve The other a 1 particle curve 
The dots represent the experimental data 

expenmcntal data come closest to fitting is considered the correct one Then the 
number of particles present m any dilution can be read off 

Parker (8) showed that vacania followed the 1 particle curve more closely 
than any of the other curves and later found a similar result with infectious 
myxoma (11) Sprunt and McDearman (7) verified Parker’s findmg with 
respect to a fit with the 1 particle curve but thought the results mdicated that 
1 particle would infect if it reached a susceptible cell The possibility of a 
change m cell susceptibility accounting for a part of the results reported m 
the above experiments is not to be lost sight of However, even if cell sus- 
ceptibility is changed, an mcrease or decrease m the total number of cells 
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DISCUSSION 

These experiments show clearly that the chance of a virus preparation caus- 
ing a lesion in an animal is dependent upon the volume of tissue exposed as 
well as upon the amount of the virus injected and the resistance of the host 
In other words the more cells per virus particle the greater the chance of a 
lesion This fact has been shown by three types of experiments (1) varying 
the volume of inoculum resulted in more cells being exposed per virus particle 
m smaller inoculums than m the larger, and hence in a larger number of in- 
fections with the smaller ones than was predicted on the basis of the volume 
of the inoculum alone, (2) localizmg the virus with the estrogenic hormone 
exposed to it a smaller number of cells and reduced the mcidence of infection, 
(3) spreading the virus over a greater volume of tissue mcreased the mcidence 
of infection 

The fact that the tissue mass exposed to a virus influences the result, like 
the amount of virus and the host resistance, reiterates the importance of the 
host cell in virus experimentation It also mtroduces a variable which mcreases 
the possibility of error m attemptmg to obtain absolute data concemmg the 
number of virus particles present by animal titration It places, moreover, 
especial difficulty in the path of applymg the Poisson law of small numbers to 
virus work The use of this law in virus experimentation was described by 
Parker (8) in 1938 Its employment however is fraught with difficulty as it 
depends on a close correlation between the number of virus particles and the 
host response curve Some of these difficulties have been previously discussed 
by Bryan and Beard (9) and by Sprunt, Marx, and Beard (10) The fact 
brought out m this paper that the ratio of virus particles to cells is also a vari- 
able proves also that the correlation between the number of particles and the 
host response cannot be perfect and that the goodness of fit of experimental 
data to a 1 or more particle Poisson curve could have no significance 

To make this point clear it seems advisable to review briefly the application of the 
Poisson law of small numbers to virus experimentation The following procedures 
constitute this method First, the approximate strength of the virus is determmed 
by decimal titration Second, ammals are inoculated with a number of samples 
from each of 5 or more twofold dilutions of the vmis preparations, these dilutions 
being so chosen that the highest one will give only a few positive lesions and the lowest 
one approximately 100 per cent lesions Third, the results of these inoculations are 
plotted, indicating on the ordmate the percentage positive for each dilution and, on 
the abscissa, the viral dilutions (See Text-fig 1 ) Fourth, the Poisson law of small 
numbers is apphed to these data This law states that if successive samples are drawn 
from a umverse which consists of very small particles suspended in a liquid, the pro- 
portion of samples which contains 1 or more particles is definitely related to the mean 
number of particles per umt volume Thus it is possible, if we know the number of 
particles present m a senes of dilutions, to calculate the percentage of a number of 
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samples which would contain 1 particle or 2 particles or n particles and to draw senes 
of cur\cs usmg the number of particles as the abscissa and the percentage positive as 
the ordmate Or, if ne know the percentage of inoculations positive for any given 
dilution It IS then possible to predict the number that should be positive for any other 
dilution as sho^\n in Text fig 1 The slope of the curve would become steeper m 
proportion to the mcrease m the number of particles necessary to mfect m any given 
sample In actual practice the procedure is to take some point, generally the pomt 
indicating that 50 per cent of the injections arc positive and SO per cent negative, and 
construct the curves for 1 or more particles from this pomt The curve which the 



The curve with the steeper slope is a 5 particle curve The other a 1 particle curve 
The dots represent the experimental data 

experimental data come closest to fitting is considered the correct one Then the 
number of particles present m any dilution can be read off 

Parker (8) showed that vaccinia followed the 1 particle curve more closely 
than any of the other curves and later found a similar result with mfectious 
myxoma (11) Sprunt and McDearman (7) verified Parker’s findmg with 
respect to a fit with the 1 particle curve but thought the results indicated that 
1 particle would infect if it reached a susceptible cell The possibility of a 
change m cell susceptibility accountmg for a part of the results reported m 
the above experiments is not to be lost sight of However, even if cell sus- 
ceptibihty is changed, an mcrease or decrease m the total number of cells 
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exposed will also increase or decrease the number of susceptible cells exposed 
That a change m the host cell virus particle ratio without any change in cell 
susceptibility wiU produce the changes reported above is clearly shown by 
another fact mentioned by Sprunt and McDearman (7) They called atten- 
tion to the fact that the slope of the curve drawn through the experimental 
points was always less than the slope of the 1 particle curve This is true not 
only in their experiments but also holds good for Parker’s (8, 11) with vaccmia 
and infectious myxoma and for Bryan and Beard’s (9) with papilloma Sprunt 
and McDearman (7) suggested that this uniform deviation from the slope of 
the 1 particle curve might be significant and the results of the experiments 
reported m this paper make possible an explanation This explanation can 
best be shown by an example If one has 7 twofold dilutions of a vnais prepara- 
tion and these dilutions contam 8, 4, 2, 1, Y, and Y virus particles for 
each inoculum used, and the moculum exposed 2048 cells to the virus then the 
ratio of virus particles to number of cells would range from 1 virus particle 
per 256 cells m the lowest dilution to 1 virus particle per 2048 cells m the highest 
dilution As it IS shown m this paper that the probability of a lesion is m- 
creased by increasmg the number of cells exposed to each virus particle, m 
any virus titration m animals the number of cells per virus particle mcreases 
as the dilutions become weaker and the probability of a lesion also mcreases 
This would result m the higher dilutions bemg mote effective than the Poisson 
law of small numbers would mdicate and the lower dilutions less effective 
Smce the Poisson curve is constructed from the 50 per cent pomt, the slope 
of a curve through the experimental point would not be as steep as the 1 par- 
ticle curve This IS seen to be true of the data shown m Text-fig 1 Obviously 
there will always be a deviation from the Poisson curve, so that in any actual 
experiment we would not know whether this deviation was a 1 particle Poisson 
curve or a 100 particle curve Hence, a fit to a Poisson curve can have no 
significance m regard to number of virus particles present m the preparation 

CONCLUSIONS 

Experiments are descnbed m which it is shown that, m addition to the amount 
of virus mjected, the chance of a lesion also depends on the tissue mass (num- 
ber of cells) exposed to the virus shortly after injection, and that the larger 
the number of host cells per virus particle the greater the probability of a 
lesion This pomt has been shown by three types of expenments (1) vary- 
mg the size of the moculum showed that the smaller sizes were relatively more 
effective than the larger ones, (2) localizmg the virus by the estrogenic hormone 
decreased the chance of a lesion occurring, (3) spreadmg the vmis over a larger 
area mcreased the probabihty of a lesion 

It IS also shown that because the ratio of virus particles to host cells vanes 
and because this ratio partly determmes whether a lesion occurs, the number of 
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particles of vims cannot be predicted by the use of the Poisson law of small 
numbers 

Since this paper was sent to press a preliminary publication by Olitsky and 
Schlesingcr (12) has appeared which corroborates the conclusions of these erpen 
ments These authors show that the mocubtion of herpes virus into the skin of 
mice previouslj prepared b> the injection of h>'pertonic saline increases the sus- 
ccpttbilit> of the mice to mfection vnth this virus They advance the hypothesis 
that this increased susceptibility is due to the fact that on increased number of 
nerve fibers arc exposed to the virus 
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THE CARDIAC FACTOR IN THE ‘TRESSOR” EFFECTS OF RENIN 
AND ANGIOTONIN 
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(From the Department of Zfedtane, The Johns Hopkins University and Hospital, 
BoJtmore) 
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Since Tigerstedt and Bergman (1), m 1898, described the pressor effects 
of renal extracts, and to the active principle applied the name *'renm,” the 
vasoconstnetor action of this and similar substances has received particular 
attention and emphasis This effect is, indeed, the basis of certain standard 
tests for the presence and potency of ''renal pressor substances" in blood or 
tissue extracts (2-7) Moreover, as applied to these and other blood pressure- 
raismg substances, the term “pressor" has come to be loosely used to connote, 
or to imply, vasoconstriction The control of blood pressure rests, however, 
upon the coordmate interplay of several factors, of which peripheral vascular 
resistance is but one, other factors are cardiac output and volume of circu* 
lating blood 

The authors have exammed the inffuence of renm and angiotomn upon 
various segments of the circulation (8, 9) and report herewith the effects of these 
substances upon the heart and coronary circulation 

Tigerstedt and Bergman (1) observed no consistent variation of pulse rate fol 
lowing intravenous injection of renin, nor any effect of renin upon the isolated, 
perfused heart of the rabbit Hessel (10) confirmed these results using the perfused 
hearts of frogs and the isolated auricles of guinea pigs which were uninfluenced even 
by huge doses of renm He further reported that m concentrations below 1 20,000, 
renm was without effect upon isolated strips of the coronary arteries of cattle In a 
tabular summary (11) comparing the actions of adrenalm, remn, and ‘ vasopressm ’ 
Hessel stated the action of renm upon thcheart to be Fdrderung nur bet geschadtglem 
Herzen ” 


Ejects upon the Isolated, Perfused Heart 
Renm was prepared by alcohol preapitation of fresh pig’s kidney cortex, and frac 
tional precipitation with ammonium sulfate, followed by prolonged dialysis Renm 
activator was prepared from beef serum by fractional preapitation with ammonium 
sulfate, dialysis, and concentration by evaporation at room temperature Angiotomn 


•Workmg under the Jacques Loeb and Archbold Fellowships 

91 



92 


RENIN AND ANGIOTONIN CARDIAC “rreSSOR” EEEECTS 


was prepared by the method of Page^ and Helmer (12) The pH of this solution as 
adjusted to 7 0 with dilute sodium hydroxide just prior to mjection 

The hearts of cats were isolated and perfused with Rmger-Locke solution by the 
Langendorff method The solution to be tested was slowly mjected, in doses shown 
to produce mmimal to moderate pressor effects m mtact animals, into the stream of 
the perfusate just above the heart The rate of outflow from the coronary arteries 
was measured and recorded by means of a Condon (13) magnet-tipper A myo- 
graphic tracmg of the contractions of the nght ventricle was registered on a kymo- 
graph In several expenments electrocardiographic records were obtamed by means 
of worsted electrodes attached to the heart over base and apex 

Results 

Renin — The observations that renm is without significant influence upon the 
isolated heart, perfused with Rmger-Locke solution, were entirely confirmed 
by 33 injections m 16 experiments Occasionally coronary outflow was slightly 
reduced for a short mterval, but rate or amphtude of beat was never affected 
(See Table I ) 

Renin Activator — ^This substance was tested in only four expenments 
Aside from an evanescent reduction of coronary flow, due perhaps to its protein 
content, renm activator was also without influence upon this preparation 
(See Table I ) 

Angiotonin — 

Coronary Flow — ^Twenty-four mjections m 12 experiments reduced the 
coronary outflow from 27 to 86 per cent (average 45 per cent) m the presence 
of normal smus rhythm Representative results in seven experiments are 
summarized m Table I The effect reached its maximum withm 30 to 75 
seconds after the beginning of the mjection and lasted for 1 to 6 mmutes 
(See Fig 1 ) This showed no tendency to dimmish with successive mjec- 
tions, though not more than four were admmistered to any one preparation 
One or more previous exposures to renm did not appear to influence the reac- 
tion to subsequent mjections of angiotonm In one expenment a cat weighing 
2 8 kilos was rendered tachyphylactic to renm by five injections of from 2 to 
5 cc The pressor response to angiotonm was then considerably reduced by 
ten successive mjections of from 1 to 5 cc Following these procedures the 
heart was removed and perfused In this preparation (E-31) angiotonm 
(0 9 cc of the same batch admmistered to the animal in vivo) caused a strikmg 
reduction m coronary outflow 

A moderate rise in coronary flow (averagmg 16 per cent for all injections) 
frequently followed the early reduction caused by angiotonm This late 
mcrease m flow was measurably reduced with successive mjections 

Such dimmution of coronary flow is not, apparently, secondary to any effect 

* The authors are mdebted to Dr Page who kindly furnished us a quantity of 
angiotonm, this was uniformly more concentrated than our own preparation 
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of angiotonm upon speed or amplitude of ventncular contraction Four m 
jections, in tliree preparations m which \cntncular fibrillation was maintained 

TABLE I 


Effect of Angiolomii aud Remn Acltvalor upon the Isolated Cat s Heart 
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R renm \ angiotonm RA renin activator 

* Ventncular fibnllatjon maintained throughout observation b\ faradic stimulation of 
ventncles 

** In this observation activator was boiled and aupematant fluid injected 

by faradic stimulation brought about a decrease in coronary flow by from 16 
to 48 per cent (average 28 per cent) 

Heart Rate — Significant effects upon heart rate were not recorded In 
some observations the rate of beat diminished slightly during the period of 
reduced coronary flow In a few others there was an evanescent slight acceler 
ation at the height of the effect 
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Fig 1 Isolated cat’s heart perfused w ith Ringer-Locke solution Kymographic record of amplitude of ventricular contraction and of coronary 
flow Beginning at 0 over a period of 30 seconds, 0 5 cc angiotonin was injected into the stream of perfusate just above the heart 


■s\ n nriup jnLL \nd e couxes andrus 


95 


Aviphtudc of Beal — The 'implitude of ventricular contraction, as reflected 
m tint of the m>ographic tracing was augmented b> ever> injection of an 
giotonin bj from 18 to 300 per cent (average 92 per cent) Tins effect com 
menced later than the slowing of the coronarv flow reached Us maximum in 1 
to 3 minutes, and persisted for 3 to 15 minutes (Sec Fjg 1 ) The effect of 
angiotonin upon amplitude of beat showed no consistent tendenej to dimmish 
with successive injections As illustrated m Fig 1, there was no visible evi 
dence m the mvographic tracing that the diastolic length of m>ocardial fiber 
shortened dunng the angiotonin effect 
Lleclrocardtogram — Records obtained hy the base apex lead during the 
reaction to angiotonin confirmed the obsenalion that this was associated with 
little or no change m cardiac rate During and for a feu minutes follouing, 
Uie constriction of the coronar> arteries provoked bj angiotonin various 
abnormalities appeared m the electrocardiogram, notabl> m the S T segment 
Fig 2 illustrates the occurrence of electrical alternans during the angiotonin 
effect 


Effects upon the Ueart Lung Preparation 

Cats, weighing 2 5 to ^ 5 kilos were inesthctiacd by the rntrapcntoncal injection 
of a solution of nembutal 35 mg p>cr kilo Chlorazol fast pink 80 mg per kilo was 
injected intravenousl> as an anticoagulant One animal was bled from the carotid 
artcr> while 100 cc of warm Ringer Lockts solution wais injected into a femoral 
vein Using the second animal a heart lung preparation was set up after the method 
of knowlton and Starling (14) Cardiac output was measured by means of a modi 
fied Gaddum (15) recorder interposed between the peripheral resistance and the 
venous reservoir 

In view of the results of these observations two features of the heart lung prepara 
tion deserve particular mention Outflow from the aorta is impeded b> a pneumatic 
peripheral resistance ’ which is uninfluenced bv drugs or chemicals introduced into 
the arculating blood With increase of flow through it the actual resistance offered 
hy this device mav slightl> dimmish but will not increase This will act to dimmish 
any apparent increase m arterial pressure accompan>mg increased cardiac output 
Furthermore it should be emphasized that the kul of the icuoits reservoir remains 
fixed throughout any given observation but the Jctvl of blood therein ma> rise or fall 
somewhat dependent upon the rate of flow into the heart If cardiac output rises 
the rate of inflow will increase and the level of blood m the venous reservoir and 


The effect of coronar) constnction upon the electrocardiogram is probabI> some 
what exaggerated m the isolated heart perfused with Rmgcr Locke solution The 
available oxjgen supply is limited to that dissolved m the saline medium and is no 
doubt not far above the basal oxvgcn requirements of the myocardium Any de 
crease of coronary flow mav therefore considerably influence the spread of excitation 
over the heart mu«clc 
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secondarily, venous pressure, will fall temporarily This wil] mitigate against the 
maintenance of any increase in cardiac output 

Renin, or angiotonin, was injected into the stream of blood above the cannula 
inserted in the superior vena cava The dosage of each preparation corresponded to 
that required to cause minimal to pronounced rise in blood pressure in a cat of 2 5 
to 3 5 kilos weight “Arterial” pressure in millimeters of mercury, and venous 
pressure in millimeters of saline, obtained bv means of a cannula in the inferior vena 
cava, and the rate of flow through the Gaddum recorder, were recorded on a slow 
k> mograph fay means of calibrated Brodie bellows 



Fig 2 Electrocardiogram (base apex lead) of isolated cat’s heart perfused with 
Ringer-Locke solution (experiment E 12) A, control normal record, rate 103 per 
minute B, 3 minutes after administration of angiotonin, rate 91 per minute, elec- 
trical alternans 

Results 

“Arterial" Pressure — Renin produced a measurable rise m “arterial” pres- 
sure, from 2 to 12 mm Hg, m 15 of 20 injections in 20 experiments In two 
others pulmonary edema developed rapidly foUowung the injection The 
results of eight observations are shown in Table II In these instances the 
effect on blood pressure lasted for from 6 to 20 mmutes Fig 3 illustrates a 
kymographic record of such an effect 

Angiotonin produced a somewhat more rapid, and less prolonged, rise m 
“arterial” pressure m 20 of 23 injections m 18 experiments (Fig 4) Twelve 
examples of such effects are summarized m Table II, showing rises of from 1 to 
9 mm Hg lasting from 2 to 15 mmutes 
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Cardiac Output — The injection of renin brought about increase of cardiac 
output (Figs 3 and 4) of 6 to 25 per cent m 14 of 20 instances In four observa 
tions there was no measurable effect, m two others, abeady mentioned, pulmo 
nar> edema rapidly developed Eight experiments are summarized in Table II 
Angiotonm caused an increase of output (Fig 4) in 17 of 23 injections, the 
maximum being 38 per cent It brought about an increase of output followed 
b> a decrease in tliree instances, and was without influence in three others 

TABLE II 


EJfccls of Rcmn and /Uigtolomn upon the Heart Lung Preparation 
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In reservoir 


Heart Rate — Neither renm nor angiotonm exerted any apparent influence 
upon heart rate m the heart lung preparation In this respect, these substances 
stand m sharp contrast to adrenalin, paredrme,’ or paredrmol * These latter 
increased cardiac output m this preparation even in small doses but m each 
instance this effect was associated with a rapid and considerable rise m heart 
rate 

Plethysmographic records of ventricular size were not obtamed during these 


* KindJy furnished by Smith KJme and French Laboratories Philadelphia 



MM Hq 





11 PITILIP HILL \'n) E COULES AKDRUS 


99 


experiments, but it wxs not possible b> wntchmg the heart during this effect 
to obser\e anj pronounced degree of dilatation of the ventricles On the 
other hand at the height of the effect it was apparent that the amplitude of 
ventricular s> stole had considerabl> increased 



Fig 5 Cat ^ kilos Electrocardiograms (lead II) 1 control blood pressure H8 
heart rate 200 B 3 minutes after intravenous injection of renin (2 0 cc ) sho\ung 
nodal extiESv-stoles Flood pressure 188 heart rate 127 C 2 minutes later \ en 
tncular extrasv^tolcs in bigeminal sequence Blood pre sure 195 heart rate 200 
I>^20*’mmutes later Blood pressure 150 heart rate 200 


Eleclrocardtograms 

In eight experiments electrocardiograms (lead II — right fore leg to left hmd 
leg) were recorded before during and at intervals after, the rise in blood 
pressure induced by the intravenous injection of renin or angiotonin into 
anesthetized cats In no instance were changes in contour observed in these 



100 


RENIN AND ANGIOTONIN CARDIAC “preSSOR" EFFECTS 


records such as would suggest insufficient blood supply to the myocardium 
The cardiac rate slowed temporarily durmg the pressor effect but the rhythm 
remained unaltered, even though the total rise m pressure was as much as 
80 mm Hg, unless the level reached or exceeded 190 mm Hg With rise in 
pressure above this, nodal or ventricular extrasystoles were commonly observed 
(Fig 5) That these were due, m part at least, to certain moderator reflexes 



Fig 6 Cat 3 2 kilos Electrocardiograms (lead II) /I, control, blood pressure 
160, heart rate 200 B, 6 minutes after injection of renin (5 0 cc ) Blood pressure 
210, heart rate 175 C, 2 minutes later, 1 minute after section of both vagi Blood 
pressure 215, heart rate 210 

was indicated by the fact that it was possible to cause the abnormal rhvthm 
to disappear, or to prevent its appearance, by severing both vagus nen^es, or 
injecting atropine sulfate (Fig 6) 

DISCUSSION 

Under the conditions of the experiments described above it has been shown 
that angiotonin constricts the coronarj' arteries and increases the amplitude 
of contraction of the isolated saline-perfused heart of the cat, and, as does also 
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renm, augments the output and “artenaV’ pressure of the heart lung prcpara 
tion Ccrtam of these conditions bear significantly upon the probable action 
of these substances in the intact animal It is presumed that renm js inactive 
m the salme medium because of the lack of activator, the need of angiotonm 
activator is apparently less imperative Moreover, it is inherent m the 
Langendorff method that the pressure head at the ostia of the coronary arteries 
IS maintamed constant and unmfluenced by the beat of the heart, coronary 
constnction is thus directly reflected m decreased coronary flo^v In vivo, on 
the other hand, the results of coronary constnction may be masked, or even 
overbalanced, bj a concomitant nse m arterial pressure In the heart lung 
preparation, cardiac output and “artenal** pressure are mcreased by angiotonm 
or renm despite a constant, or even diminishmg, inflow pressure and against a 
constant peripheral resistance Since cardiac ntc is not increased this can 
only mean that, under these conditions, the amplitude or vigor of ventricular 
sj'stole is enhanced In the intact animal this may be expected to oppose the 
mfiucnce of peripheral vascular resistance toward dimmishing blood flow 
dunng the period of hypertension There is some mdication of this m the 
results of Landis, Montgomery, and Sparkman (16) and of Corcoran and Page 
(17), who observed that, m contrast with other “pressor” substances such as 
adrenalm and pitrcssm, renal extracts can cause an equivalent and considerable 
rise in blood pressure without so contractmg the penpheral vascular field as to 
lower skm temperature In these circumstances blood flow is undimmished 

The pressure existing m any fluid, such as blood, m an clastic contamer, such 
as the systemic arterial tree, will depend fundamentally upon the quantity of 
that fluid relative to the capaaty of the contamer It is unnecessary to 
enumerate the arcumstances under which fall of systemic artenal pressure is 
obviously associated with underfilbng of the artenal vessels (hypotension) 
It may hear emphasis that m all forms of hypertension either the capacity of 
the arterial tree is dimmished by vasoconstnclion, or arterial blood volume 
must be supposed to be mcreased * 

The results described afford evidence that the “pressor” effects of renal 
pressor substances are not solely due to vasoconstriction but include direct 
stimulation of the myocardium with mcrease m force or amplitude of ventricu 
lar systole Unless, like the direct action of digitalis on the normal heart, this 
action of renm or angiotonm leads to dimmution of ventncular volume below 
optimal size, the effect will be to increase cardiac output The fact that 


* No accurate means of measuring artenal blood volume is at present available 
However, from Bazett’s (18) tabulation of Malls (19) anatomical measurements of 

the mesenteric vessels it is to be inferred that the artenes contam a relatively small 
proportion (perhaps less than 10 per cent) of the total blood in a given region of the 
circulation 
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considerable nse in blood pressure may result without commensurate vaso- 
constriction may rest upon these phenomena Potentiated, perhaps, by in- 
crease in tone of the large arteries and arterioles, even without dimmution of 
their caliber, these effects may provoke the condition essential to arterial hyper- 
tension the achievement of a state m which the amount of blood contained 
withm the systemic arterial tree is mcreased m relation to the capacity of tbis 
arterial system 


SUMMARY AND CONCLUSIONS 

Upon the isolated hearts of cats perfused with Rmger-LocLe solution renm 
produced no significant effect Angiotonm, on the other hand, brought about 
decrease m coronary flow and mcrease m amplitude of beat without any con- 
sistent effect upon heart rate 

Both renm and angiotonm augmented the cardiac output and raised the 
“arterial” pressure in the Starlmg heart-lung preparation, here too without 
influence on the heart rate 

Electrocardiograms recorded before, durmg and after the pressor effects of 
renm and angiotonm m the anesthetized cat showed no abnormalities until 
the blood pressure had risen above 190 mm Hg when vanous types of cardiac 
arrhythmias appeared These were prevented, or normal rhythm was re- 
stored, by cutting the vagus nerves or injectmg atropme 
It IS concluded that the “pressor” effects of renal pressor substances include 
direct stimulation of the myocardium and augmentation of ventricular beat 
Unless these actions lead to excessive decrease m diastolic volume of the ven- 
tricles, the cardiac output will be mcreased The significance of this m the 
production of the pressor effect is discussed 
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CHEMICAL STUDIES ON BACTERIAL AGGLUTINATION 
VI The Agglutinin Content of Antisera to Hemolytic Streptococci* 

B\ SVERRE D HENRIKSEN** MD and MICHAEL HEIDELBERGER Pn D 
{Vrom the Department of Medicine, College of Phssictans and Surgeons Columbia 
Universti\, and the Presbyterian Hospital New I ork) 

(Received for publication Ma> 21,1941) 

In most of tlie bactenal agglutinating ^sterns previously studied by the 
quantitative method (1-5) well defined capsular pol> sacchande antigens and 
their corresponding antibodies were principally involved The greater part 
of the antibodv produced as a result of intravenous injections of microorganisms 
such as type-specific pneumococci or 11 influenzae reacts with these capsular 
antigens rclativ ely little being directed toward mmor antigens such as somatic 
polysacchandes and proteins 

On the other hand, immunization with hemolytic streptococci results m the 
production of antibodies reactiv e with a number of different antigenic com 
ponents, of which the type specific M (6) and T (7) substances, the group 
specific somatic polysaccharide C (6), and at least two group-specific protein 
antigens (6, 8-11) have been recognized as separate entities Adaptation of 
the quantitative agglutimn method to hemolytic strqjtococcus systems there 
fore raises even more complicated questions and difiBculties than in the case 
of R (Daw son S) pneumococci (4) Before consistent results could be obtained 
much preliminary work was necessary and details of this phase of the study 
will be omitted 


Materials and Methods 

The following strains* of Streptococcus hemolyticus were used 
SF 130 and SI IS both Tjpe 1 glossy (12) strains 

C203 in both the mucoid (13) and glossy phases, representative of a mixed type 
containing both Type I and T>pe 3 antigens (7) 


•The work reported m this communication was earned out under the Harkness 
Research Fund of the Presbytenan Hospital 

•• Fellow of the Norwegian Malthe and Pasteur Foundations 1939-40 Common 
wealth Fund Fellow 1940-41 

* For strains and assistance m phase identification the writers are indebted to Mrs 
R C LancefieldandtoDr M H Dawson and Miss Gladys L Hobby 
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Gnffith’s classical Type 3 strain (14) in the mucoid phase 
The three glossy strains, when reexamined after passage in hquid media, were 
found to grow in mucoid colonies, and had thus probably reverted from the glossy 
type Since it seems that reversion from smooth or glossy to the mucoid form does 
not necessarily mvolve a recovery of the M-substance,^ the presence of M-substance 
in the reverted strains may be considered doubtful The glossy strains were origm- 
ally chosen in order to eluninate the M-anti-M system, but since it seemed difficult 
to preserve these strains m the glossy or smooth state, no attempt was made to isolate 
the large amounts needed in a state of phase punty 
Immuntzatton — Suspensions of the strams were prepared from 24-36-hour broth 
cultures which were formalm-kiUed, centrifuged, washed free from broth with sahne, 
and resuspended m sahne They were preserved v ith merthiolate,’ 1 10,000 Rab- 
bits were injected intravenously with the vaccines, startmg with doses of 0 01 mg 
of N, and gradually raising this to 0 15 or 0 20 mg of N 4-week courses were given, 
with injections on the first 4 days of each week 6 days after each course test bleed- 
ings were examined for presence of anti-C and antiprotein with solutions of strep- 
tococcus Group A C-substance and protein In some mstances three or four courses 
were necessary before satisfactory sera were obtamed 

igghtlimn DelermtnaHons — ^The method used in the study of the first sera was the 
same as described previously (1-5) with minor modifications Suspensions of the 
various strains were prepared from 24-36 hour cultures in 0 15 per cent glucose-meat 
infusion broth The cultures were killed with formalm, centrifuged, and were washed 
free from broth with chilled 0 9 per cent sahne Any vaccine left standing between 
two expenments was centrifuged and resuspended in fresh saline to remove possible 
soluble extraction products The suspensions were made up to a concentration of 

0 4 to 0 6 mg of nitrogen per ml and preserved with merthiolate In general the 
suspensions were found capable of removing, in the initial absorption of homologous 
antisera, amounts of nitrogen equivalent to 0 1 to 0 3 of the quantity of nitrogen 
in the streptococcus suspension used AH determinations were run in duplicate 

1 0 ml portions of 3 10 serum dilution, neutralized to pH 6 8-7 2, and 2 0 ml portions 
of cell suspension were usually employed The tubes were left m the cold for 48-72 
hours with occasional mixing The agglutinated organisms and control suspensions 
were washed successively with 3, 2 5, and 2 5 ml of chilled saline and centnfuged 
in the cold ^ 

All supernatants and washings were recentnfuged m conical tubes to avoid loss of 
small quantities of nitrogen (4, 5) In order to exhaust the sera it was necessary to 
run one or more reabsorptions, and for this aliquot portions of the supernatants 
were used Data obtained in this way with homologous and heterologous cell sus- 
pensions are given in Tables I and JJ 

Unfortunately, after a later senes of streptococcus suspensions was taken mto use, 
a senous source of error appeared in a marked tendency of the antigen to form films 
on the surface of the fluid and to stick to the walls of the tubes This efiect w as most 

- Personal communication from hliss G L Hobby 

^ Manufactured by Eh Lilly and Company, Indianapolis 

* An International refngerated centrifuge was used 
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TABLE I 

Agslultmn AT Content of Antulreplocoecus Rahbtt Sera at pH 6 8-72 and Diluted 4 10 by 
Absorption with SF 130 (Type 1, Glossy) Suspension 







1 Arilatinln K 

Absorp* 

tion 

Seram 

Volume of dilution used 

DtcterUl 

N Qs^ 

ToulN ; 
preelpiuud 

1 

Found 

Calculated 
to 1 0 ml 
of 

undiluted 
fcram 1 

TbUl per 

1 0 ml of 
UB diluted 
serum 



nt 

mt 

mt 

•»X 

me 

mf 

1st 

705-12’ 

1 0 

0 776 


0 220 



2nd 


Supernatant ^ 5/6 

0 /SO 





3rd 1 


' X 7/8 

0 796 

1 0 836 


0 14 1 

0 97 

1st 

700, t 

1 0 

0 784 

: 0 884 




2nd I 


Supernatant X 4/5 

0 784 



0 II 


3rd 


X 6/7 



0 026 1 

0 09 


4th ! 



1 0 920 1 

1 0 912 1 


0 



From rabbits injected with strain SF 130 (Type 1 ongmall> glossy) 
t From rabbit injected wth stram C203 mucoid Subnumeral indicates course of m 
jections 


TABLE n 


Agiluttmn N Determinations in Diluted Antisera to Type 1 Glossy (SF 130 ) and C203 

Hemolytic Streplocoeei with Hemototous and Belerdoious Suspensions 


Seram 


710. 

1 SF 130 gl 

710, 


710, 


700-12 


705-12t 


713 


700, 

C203 M 

(03-07 


707, 



1 Agxtutlafn N removed by tuipenaJoa tued for eoalyili 


C203 mucoid 

C2QJ (losiy 

TVIkJ 

mucoid 

ntf 

m 

"X 

mt 

0 40 

0 25 



0 60 

0 50 

0 53 


0 88 


0 48 

0 23 




fO 52 

0 97 


0 83 

(o 35* 

0 59 


0 41 

0 34t 


t 675 


(1 0511 
\1 25 

0 83 


1 48 



0 45 


0 51|) 



0 48 


0 41 





0 43 




0 60 


054 



1 0 74 

0 71 


0 27 


Subnumerals indicate course of injections 
* Repeated absorptions of 1 0 ral of undiluted scrum 
t Repetition 1 year later 

t Removal of aggluUnms not quite complete after 2nd absorption 
§ Removal of agglutimns not quite complete after 4th absorption 
II Removal of agglutinms not quite complete after 3rd absorption 






















TABLE m 

Efeci of Washing Blank Suspensions, and Addition of Saponin to Washings 




Suspension N added 

Total N pre 
cipitatcd 

Agglutinin N 

Absorption 

Suspension 

used 

1 

A 

Unwashed 

suspension 

B Suspen 
Sion 
washed 

3 times 

C Suspen 
Sion 
washed 
with sapo 
mn sahne 

U t Oml serum 
705 12(3 10) 

+ suspension 

DA 

DB 

D C 

1 


Trtg 

mt 

ms 1 

ms 

ms 

mg 

ms 

1st 

SF150 

0 94 

0 90 

0 92 

1 03 

0 09 

0 13 

0 11 

2nd 

a 

0 88 

0 86 

0 88 

1 0 95 

1 0 07 

t 0 09 

! 0 07 

1st plus 2nd 






0 16 

0 22 

0 18 

1st 

S 118 

0 88 

0 85 

0 86 

0 95 

0 07 

0 10 

0 09 

2nd 

(( 

0 79 

0 76 

0 77 

0 81 

0 02 

0 05 

0 04 

1st plus 2nd 






0 09 

0 15 

0 13 


Differences between A and C were checked b> analysis of the cell free supernatant from C 


TABLE IV 


Agglutinin N Estimations on Rabbit Antisera to Streptococcus hcmolyticus, nth Use of Saponin 
1 0 Ml of 3 10 Serum Dilution Used 


Serum 

Strain used for 
inrmunization 

Agglutinin N per 

SF 130 gl 
Type t 

ml of undiluted s 

IVpc3M 

erum taken out bj 

SF 130, R* 

'lyne specidc 
agglutinm Nt 



mg 

mg 

mg 

mg 

7S0i 

SF 130, gl 

0 29 

0 16 


0 13 

750, 

« 

0 42 

0 26 

0 42 

0 16 

750, t 

U 

0 35 

0 22 


0 13 

752, 

u 

0 23 

0 09 


0 14 

752, 

tt 

0 41 

0 25 

0 50 

0 16 

752, t 

“ 

0 47 

0 37 


0 10 

753, 


0 29 

0 15 


0 14 

756. 


0 23 

0 12 


0 11 

756 

“ 

0 40 

0 32 

0 43 

0 08 

756,t 

u 

0 51 

0 36 


0 15 

758, 

Type 3 

0 08 

0 35 


0 27 

758, 

it 

0 17 

0 49 

0 26 

0 23 

759, 

it 

0 28 

0 36 


0 08 

759, 

it 

0 09 

0 29 

0 07 

0 20 

759, t 

it 

0 27 

0 51 


0 24 


Subnumerals indicate course of injection Sera from the first two courses were given 
two absorptions only, agglutinin N removal was probably incomplete in 750 , 752j, 7S6i, 
756j, and 758 Sera from the third course were given three absorpUons, of which the first 
two sufficed for serum 7503 

• Suspension prepared from R strain, broth culture showed typical properties of R, but 
smears mdicated possible presence of 5 to 10 per cent of S organisms 

t Homologous agglutinm N minus heterologous agglutinin N Both include the anb C 
t Analyses by Mr Manfred Mayer A pool of appronmately equal quanUties of 750,, 
752,, and 756, contamed 0 15 mg of anti C N per ml 
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pronounced m the su«;pcnsion control tubes and rarely appeared m the tubes which 
had contained serum until the second ^^ashlng resulting in greater loss of nitrogen in 
the suspension N estimations than m the analyses of the agglutinated suspensions 
This tended to make the results too high If the suspension N estimations were 
made ivithout nashings parallel nith those on the agglutinated cells the values for 
agglutinated suspension N minus control suspension N ncrc occasionally SO per cent 
less, for low grade sera, than if washed suspensions were used for the N value of the 
cell suspension However, it was found that a better method of washing was es 

TABLE V 


Prectpittns for Croup A Specific Carbohydrate (C Substance) tn lO Ml Undiluted 
Antistreptococcus Sera Compared mth Total Aulutinins 


Strum 

Type 

Amount of C>tub* 
tunce used 

PrrapUinN 

Asflatlnin K 



MX 

MX 

MX 

703-07 


0 035 

0 17 

0 61 

707, 


0 035 

0 17 

0 80 

700i 


0 09 

0 19 


700, 


0 01 

0 16 

0 50 

703, 


0 03 

0 11 

0 67 

700. 


0 07 

0 18 


703 


0 025 

0 09 

0 81 

705-12 

‘ 

0 05 

0 18 

0 96 

713 


0 06 

0 32 

1 67 

710i 


0 025 

0 13 

0 40 

710, 


0 025 

0 11 

0 61 

710, 


0 025 

0 10 

0 88 

1870* 

Polyvalent 

0 1 

0 35 



•Horse serum E R Squibb and Sons bleeding of Alar 6 1940 After removal of anti C 
the supernatant gave no preapjtate with a number of protein fractions 


sential, smee other expenments had shown that the cell free washings of the control 
suspensions always contained small amounts of nitrogen It therefore seemed pos 
sible that similar small amounts would be lost from the agglutinated cells durmg the 
washings particularly m the second and third absorptions after the major portion 
of the agglutinin N had been removed from an antiserum 

In view of the effect of serum xn preventing film formation b> the streptococci it 
was thought that a non nitrogenous substance such as saponin might likewise be 
effective Addition of 1 or 2 mg of this substance to the control suspensions resulted 
m a greater loss of soluble N than with saline alone, even though film formation was 
prevented while addition of even 0 5 mg per ml to the entire suspension resulted in 
an unusually low value for agglutmm N The following procedure ehrmnated film 
formation as well as these disturbing effects of the saponm and may be recommended 
as a standard technique Saponin is added only to the supernatants which con 
tarn only small numbers of ccHs 
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heterologous types or preliminary precipitation with C-substance (16) proved 
to be unnecessary 

In repeated absorptions of supernatants the heterologous agglutination 
was the first to disappear, while homologous agglutmation was evident as long 
as measurable quantities of antibody mtrogen were bound Occasionally, 
type-specific agglutination persisted even after the amount of agglutinin nitro- 
gen bound was within the analytical error of 0 02 to 0 04 mg of nitrogen, 
mdicatmg that a mmute amount of antibody may suffice to agglutinate rela- 
tively large quantities of homologous suspension Two portions of anti-SF 
130 serum 713 with an agglutmm N content of 1 66 mg per ml for the homolo- 
gous stram, and an agglutmm “titer” of about 1 15,000 were absorbed with 
SF 130 and C203, respectively, until practically all determinable antibody 
nitrogen was removed The supernatants agglutmated the same suspensions, 
by the ordinary qualitative method, to titers of 100 to 500, while a Type 3 
suspension was not agglutmated 

Antibodies to C-substance are among those most easily removed from the 
sera (see also Table V) since supernatants failed to react with C, while absorbed 
sera that no longer gave measurable quantities of agglutmm N still showed weak 
precipitation with the most active streptococcus protem fractions Table V 
also shows that the proportion of anti-C m the rabbit antisera tested was low, 
m contrast to the pneumococcus anti-C in certain antisera to R (Dawson S) 
pneumococci (4) 

Two specific precipitates, calculated to contain an excess of antibody, were 
prepared, one from an unabsorbed antistreptococcus serum and streptococcus 
C-substance, — the other from C-absorbed serum and a streptococcus protein, 
fraction 51D' (17) (similar to D-fractions m references 8-10) The precipitates 
were washed five times with chilled salme, resuspended as evenly as possible 
m salme, and tested with suspensions of SF 130 glossy, C203 glossy, and 
Type 3 hemolytic streptococci The conditions of this experiment were analo- 
gous to those of the reagglutmation expenments reported in reference 3 in 
which Type 1 pneumococci, agglutmated m fine floccules by excess antibody 
and resuspended m salme, were reagglutmated into large floccules when un- 
sensitized Type 1 pneumococci were added, owmg to chemical combmation 
of free antibody groupings on the sensitized cells with specific polysaccharide 
on the unsensitized cells Immediate agglutmation of all three streptococcus 
cell suspensions also took place when these were mixed with the C-anti-C and 
protein-anti-protem precipitates, showing directly that Group A anti-C and 
antibody to the protem fraction take part m the agglutmation of these strams 
of hemolytic streptococci With respect to the anti-C this agrees wuth the 
tests showmg disappearance of this antibody after removal of agglutmms 
Evidently not all of the antiprotem is equally reactive 

These expenments may help to clarify somewhat the complicated status of 
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type specific agglutination of Group A hemol> tic streptococci Thej are m 
accord with I^nccfield^s demonstration that type-specific agglutmation is 
brought about by antibodies to the M- and T antigens, although they furnish 
no new or direct evidence in this regard On the other hand, they show clearlj 
that antibodies to the C carbohydrate are taken up in type specific as well as 
group-specific agglutination of the streptococci, and that these antibodies, 
when suitably isolated, are capable of agglutinating cells of both homologous 
and heterologous types The conclusions of Pauli and Cobum (16) regarding 
cross agglutination due to anti C are therefore substantiated by these two sets 
of tests along entirely different lines It would appear, however, from the 
data in Tables IV and V that sera containmg only a small proportion of type 
specific antibody would show less improvement in type specificity on removal 
of anti C than sera in which the antibody is largely type specific 

On the whole, the quantitative data on streptococcus agglutinins are some 
what less accurate and more difficult to interpret than those m the other systems 
studied (1-5) Reproducible results are most easily obtained when the analy 
ses are carried out within a short period and with the same cell suspensions 
Both the immune sera and the bacterial suspensions seemed to change un 
predictably The proportions of the reagents also seemed of some importance 
since multiples of the small quantities of serum usually used rarely yielded the 
expected quantity of antibody nitrogen Nevertheless, the method with all 
its limitations, still appears capable of giving more precise information (to 
the nearest tenth of a milligram of antibody nitrogen per milliliter of antiserum) 
regardmg the serological properties of the various types and phases of hemolytic 
streptococci and their antisera than is obtainable by the relative and essentially 
quahtative methods hitherto in use 

SUMMARY 

1 Application of the quantitative agglutmation procedure to hemolytic 
streptococci and their antisera is shown to yield values indicative of the anti 
body content of the antisera m weight units 

2 Estimations are given of type-specific and group-specific antibody in a 
number of antisera 

3 An incomplete analysis is given of the antigemc components and anti 
bodies involved m the agglutmation 

4 Adaptation of the experimental conditions to a simple quahtative type 
determination of hemolytic streptococci is suggested 
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STJSCEPTIBILIXY TO EASTERN EQUINE ENCEPHALOMYELITIS 


intramuscularly injected virus fails to produce encephabtis in most of the animals, 
but in the exceptional ones which succumb the vmis is found to have entered by 
routes other than the olfactory In each case, however, the virus travels along a 
closed nerve pathw ay In a comprehensive study of vesicular stomatitis virus, Sabm 
and OlitsLy (8 6) found that virus injected mtramuscularly m the leg muscles of young 
mice multiphes locally and invades the saatic nerve and spinal cord In old mice, 
no such local multiplication occurs and, although the active vuus persists, no invasion 
of the sciatic nerve nor of the central nervous system takes place 

Age IS known to be a factor m detemunmg also the degree of immune response 
of which an animal is capable 

As early as 1897, Metchnikoff (10) found that when alhgators are injected with 
tetanus toxoid large animals respond w ith a higher concentration of antitoxin in their 
serum than small ones Freund (11) demonstrated an increasing antibody production 
with increasing age of rabbits in response to a variety of antigens formolized typhoid 
baciUi, sheep red cells, horse serum, and egg albumin Baumgartner (12) presented a 
thorough review of the subject up to 1932 In studies on Trypanosoma lemst, Cul- 
bertson and Kessler (13 a) observed that with increasmg age of rats a greater antibodv 
response as well as greater resistance to living trypanosomes develops, Kolodny 
(13 b) added data on a greater rate of antibody formation with age Morgan (14) 
found that the abihty of mice to be immunized with formolized vims of Eastern equme 
encephalomyelitis mcreases with age, as tested by cerebral resistance, as well as by 
degree and rate of antibody formation Casals (15) reported diminishing suscepti- 
bihty with age of mice to peripheral injection of rabies vims and an increasmg im- 
munizabihty with age 

The experiments to be reported here were carried out to find what relation- 
ship exists between the mfluence of age of imce on their susceptibility to periph- 
eral mtroduction of the virus of Eastern equme encephalomyelitis and on 
their capaaty to ehat an immune response 

M ethods and Materials 

Active Virus — Mouse brain infected with the vims of Eastern equine encephalo- 
myehtis (E E E ) was used m the experiments This strain was obtained 6 years ago 
from Dr C TenBroeck and has been through more than 200 mouse bram passages in 
this laboratory The Western strain of equine encephalomyehtis vims (tV E E ) was 
obtained 8 years ago from Miss B Howitt Stock vims, dried from the frozen state 
by the Flosdorf-Mudd lyophile method, was kept in vacuo m mbber-stoppered glass 
vials in the refrigerator Before use, it was passaged intracerebrally in normal mice, 
and the brains of at least three mice prostrate or recently dead were removed at 
autopsy These were weighed and ground without abrasive, meat mfusion broth 
at pH 7 4 was added to make a 10 per cent suspension After light centrifugation, S 
minutes at 2,000 r p u , the supemate was removed This was designated 10'^ 

E E E vmis, tenfold dilutions made in broth from this were then 10"^ 10“’, etc 
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rormahn Inactivated Tintj — To a 20 per cent broth suspension of mouse brain 
infected with E C E virus uas added an equal \olume of 1 per cent formalin (con 
taimng 37 per cent formaldchvde) m 0 85 per cent NaCl solution thus making a 10 
per cent infected mouse brain suspension m 0 5 per cent formalin The preparation 
was kept at room temperature m the dark for 2 days and then placed m the refngcrator 
at 4®C For a vacanc to be acceptable the virus, before the addition of formalin 
must ha\c been infective to a titer of 10® when injected intraccrebrallj into normal 
mice After a week m the refrigerator, and again when first used for vaccination the 
\'acane was tested mtraccrebrally m mice to determine whether all active virus had 
been destrojed It ma> be stated that b> the most stringent tests we have never 
been able to detect active virus in such a formolized preparation 

— ^Albino mice, Rockefeller Institute strain, were used throughout In the 
stock colon> , the date of birth of each litter of mice is recorded Young of the stock 
mice are weaned at 21 days of age, in the course of erpenments they were frequently 
weaned at 14 da>s In the stock colon>, mothers with >oung are fed punna foic 
chow pellets and given water from a water bottle When >oung arc weaned, a slice 
of bread soaked m w ater is added daily to the pellet diet When mice arc taken from 
the stock, and kept for an experiment, an equal part of pasteurized grade B milk i5 
added to the water in which the bread is soaked Pellets are still m the diet, but the 
amount needed is less The average weight of young mice of various ages used in 
the following experiments is given below 
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Routes of Injection — Intracerebral A short mcision was made to one side of the 
raidlme m the scalp of a mouse under ether anesthesia "With a fine trephine a hole 
was bored through the skull in the angle formed by the sagittal and fronto-parietal 
sutures about 2 mm from each, through this 0 03 cc dJulion of virus was injected 
In jounger mice the trephine was not used. Acadental deaths as a result of this 
method of injection were very few 

Intrapentoneal The needle was inserted subcutaneously for a short distance 
and then plunged into the pentoneal cavity, on removal, the needle was gently turned 
to draw the skin together at the site of injection Various doses were used m the 
intrapentoneal injections but it may be mentioned that even the youngest mice 
used, 2 days old could retain 0 1 cc. of injected vaccine with little loss 

Intramuscular 0 1 cc injections of vaceme were made into the muscles of the 
thigh of one hind limb This dose was well retained 

Bleeding — When relatively large amounts of blood were needed anesthetized mice 
w ere bled from the heart If it was necessary for mice to survive they were bled by 
snipping off a piece of tail Suffiaent blood was obtained, even from young mice, 
provided they had been kept in a warm place before bleedmg 
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Inirapentofteal Injechon of Active Eastern Equine Encephalomyelitis Virus m 
Mtce of Various Age Groups 

The susceptibihty of nuce of vanous ages to the mtrapentoneal injection of 
active E E E vims was tested Since the last report from this laboratory (8) 
on susceptibihty of mice to E E E vims given by the peritoneal route, two 
changes have taken place (1) The vims has been through a greater number of 
mouse bram passages, and (2) the average weight of mice of a given age has 
gradually mcreased 

Groups of mice 14 days, 22 days, I month, and 6 months of age were injected intra- 
pentoneally with 0 25 cc 10-® dilution of active E E E virus The amount of virus, 
when tested mtracerebrally m normal adult mice, proved to be 1,000,000 cerebral 
lethal units The outcome is shown m Fig 1 


Days 



14 d£^s 22 days 1 month 6 months 

A0e of nuce 

Fig 1 Susceptibility of mice of various ages to mtrapentoneal injection of active 
E E E virus (1,000,000 cerebral units) 

None of the ten mice 14 days old survived the mtrapentoneal injection of active 
virus One of ten, 22-days-old, six of ten, 1-monlh-old, and eight of ten, 6-months-old 
mice, survived to the end of the 12'days observation period Deaths due to virus 
have not been noted beyond this time With increasing age, the average incubation 
penod of those which succumbed was 2, 3, 4, and 6 days respectively Incubation 
penod IS used in the sense of time between injection and death, which followed closely 
upon first sjunptoms of central nervous system involvement It should be added 
that the mcubation period for any given age is shorter after intracerebral than after 
mtrapentoneal mjection of active virus 

With mcreasmg age, mice showed a dimmishmg susceptibihty to mtrapen- 
toneal mjection of active vims Of those which succumbed, the length of 
mcubation penod mcreased with age These results are consistent with pre- 
vious reports (7 b, 8 a) 

Antibody Response to Active Virus in Mice of Various Age Groups 

The antibody response of mice of various ages to mtrapentoneal mjection 
of active E E E vims was studied, m order to determme whether the age of 
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the surviving mice affected the amount or rate of formation of serum neutraliz- 
mg antibodies 

Additional groups of mice of the ages sho>vn in Fig 1 were injected intrapentoneally 
with the same dose of 0 25 cc 10“^ dilution of E EX virus Surviving mice were- 
bled from the heart on the 3rd, 4th, 5th, and 8th days after injection Sera were- 
pooled according to age and time after injection each pool contained sera from at 
least three mice Ihcre W’Os not a sufiicient number of survivors of the 14-days-old. 
group to bleed on the 3rd day, nor of 22-da^'s-old mice after the 3rd day Test for 
antibody was earned out by the mtmpcntoncal scrum neutraliration test of Olitsky 
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■ Imeudodied □ IjneuM exirvived 

Ere 2 XevcJopment of scrum neutralizing antibodies m mice of vanous ages in 
response to mtrapentoneal injection of active EX E virus 

and Harford (16) 0 03 cc. of each mixture of scrum and dilution of virus was injected 

intrapentoneally mto each of four mice The ratio of serum to virus dflution was 4 
to 1 for example, 0 2 cc of serum was mixed with 0 05 cc of virus dilution (final 
dflutions of VITUS are recorded), 0 03 cc of this mixture was injected The results 
are given m Fig 2 

The titer of virus m the presence of normal scrum was 10^, and was 10® m the pres 
ence of serum taken on the 3rd day from 22-days-oId, 1 month-old, and 6-months-old 
mice This difference m titer docs not however, establish the presence of antibody 
at this time In our expenence a difference m titer must be more than tenfold to be 
significant when so few mice are injected The essential point is that there was no 
difference m protective cajDacity of the three test sera On the 4th day, the sera of the 
1 month-old and 6-months-old mice showed perhaps a shght protective effect, but 
agam no difference was apparent between the test sera By the 5th day, the sera 
of the 1 month-old and 6-months-old mice protected about half of the mice at dilu 
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tions of Virus ranging from 10-= to 10-« It may be noted that this protection of 
half of each group over a range of virus dilutions, rather than the clear-cut end point 
found with very strong or very weak antisera, is characteristic of a serum of moderate 
antibody content By the 8th day, sera of mice of the tuo survivmg age groups 
protected at least half the number of mice which received the 10'= dilution of virus, or 
100,000 peritoneal units of virus, as compared with the normal serum control 

Thus, there was no difference demonstrable m antibody response of surviving 
mice of various age groups after mtraperitoneal mjection of active virus 
However, it must be kept m mmd that there is inherently a selection of mice 
available for this antibody study The survivors are the more resistant ani- 
mals of each group and, in the younger groups especially, are hardly representa- 
tive Expressed m another way, mice survivmg an mtrapentoneal mjection 
of active virus, regardless of age, were mdistmguishable m rate of antibody 
development 

Immune Response of Young Mice to Formohzed V tries 

Since there were difficulties mherent m the direct approach to the study of 
immune response to active virus with mcreasmg age, a more mdirect approach 
was resorted to, by vaccmatmg young mice with mactivated, formalm-treated 
virus In a previous study of immune response with age (14), it had been ob- 
served that although 2-days-old mice, after vaccmation with formahn-treated 
virus, exhibited little or no antibody and no cerebral immunity, nevertheless 
they resisted 1,000 times more virus mtroduced mtraperitoneally than their 
non-vaccmated htter mates This findmg was mvestigated further in the 
following experiments 

Immunization had to be achieved before the mice were 15 days old, since beyond 
that age normal mice rapidly lose their susceptibility to peripheral injection of the 
vuus Using an mterval of 8 days betw een the beginmng of vaccmation and test with 
active vmis, it was possible to start vaccination w'hen mice were 2, 5, and 7 days old 
and test for resistance wuth active virus when 10, 13, and 15 days old Mice of these 
age groups were vaccmated with a 10 per cent E E E virus-infected mouse brain 
suspension m 0 5 per cent formalm m which no active virus was detectable by cerebral 
test They w ere injected intrapentoneaUy with three doses of 0 1 cc of inactivated 
virus on alternate days This dosage was well retained, even by the youngest animals 
Since all mice received the same amount of vaccine, the ratio of dose to body weight 
was smaller in the larger animals However, smce it has already been shown (14) 
that the immune response of older mice is greater in spite of the proportionally small 
amount of antigen, the unequal dosage per body w eight may be disregarded 

Cerebral and Peritoneal Resistance — K comparison was made between the 
degree of peritoneal and of cerebral resistance mduced by mtrapentoneal 
vaccmation with formalm-mactivated virus 
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Eight da>’s after the beginning of vaccination, at least six vaccinated mice of each 
age group i^crc bled from the heart and the sera pooled according to age Of the 
remaimng vacanated mice some were tested for resistance to active virus injected 
mtracercbrally and some mtrapcntoneally Non vacanated litter mates served as 
controls for each route of injection The results presented in Fig 3 are based on data 
from three experiments, each of which included all groups 



■ ■1 mouse- died 0*1 mouse survived 

Fig 3 Resistance to intrapentoneal and intracerebral injection of active E E E 
VITUS after mtrapentoneal vacanation with formoliaed E E E virus 


The cerebral titer of E E E virus as measured by the SO per cent end point of 
death m normal 10 , 13 , and IS days-old mice, was 10® This titer was not changed 
as a result of vaccination of mice of the same ages In mice 10 13, and 15 days old 
the so per cent end jxiint of virus injected mlrapentoneally, as calculated by the 
Muench accumulation method was 2 2 X 10®, 1 7 X 10^, and 1 9 X 10*, respectively 
As a result of vacanation begun 8 days previously, when mice were 2 5, and 7 days 
old the peritoneal titer was 3 2 X 10®, 4 5 X 10®, and 1 4 X 10“, respectively mdi 
eating a peritoneal resistance, as measured by difference m titer, of 690 3,800 and 
13 500 each compared with its non vacanated control The lack of sharpend point 
in the vaccinated, intermediate age group, which was apparent m each of the tests 
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contnbutmg to this figure, recalls the partial protection, over a wide range of virus 
dilutions, of groups of mice receiving virus plus serum contaimng only a moderate 
amount of antibody (Fig 2, Sth-day serum) This partial group resistance may be 
an expression of the differences between individuals which become apparent at this 
mtermediate level of resistance of the group It may be added that mice which 
succumbed m spite of vaccmation died after the shorter incubation period char- 
actenstic of young non-vacemated mice rather than that of adult mice after mtrapen- 
toneal mjection of active vmis 

The titer of E E E virus injected mtracerebrally was the same m mice of 
the ages studied Vaccmation with formohzed virus faded to mduce cerebral 
resistance Although the susceptibihty of normal mice to mtrapentoneally 
mjected E E E virus decreased shghtly with age from 10 to 13 to IS days, as 
measured by titer of virus, the amount of peritoneal resistance induced by 
formalm-treated E E E virus mcreased progressively with these small mcre- 
ments of age The susceptibihty of the young vacemated mice recalls that 
of normal adidt mice, that is, although fully susceptible to vims mjected cere- 
brally, the majority resisted pentoneally many times the amount of virus fatal 
to non-vacemated young mice 

Antibody Response — Sera of mice vacemated at the same time as those 
tested for cerebral and peritoneal resistance were studied for neutralizing 
antibody 

Sera taken 8 days after the begnning of vaccination of mice 2, 5, and 7 days of age 
were tested for capaaty to neutralize EEE virus The mtrapentoneal serum- 
neutralization test (16) was used Mice 13 to 14 days of age were mjected intraperi- 
toneally with 0 03 cc of mixtures of equal parts of serum and virus dilutions The 
results reported m Fig 4 represent five different tests, each of which included all 
three test sera as well as control normal serum 50 per cent end-pomts were cal- 
culated by the Muench accumulation method 

The difference m titer of virus m the presence of test serum and that m 
normal serum was taken as the measure of neutrahzmg capacity of the serum 
These were found to be 5 9, 25 6, and 123 respectively for sera of mice 2, 5, and 
7 days old at the begmnmg of vaccmation 

Correlation of PeriUnieal Resistance with Antibody — ^When the logarithm of 
the peritoneal resistance mduced by vaccmation of mice 2, 5, and / days old 
was plotted, as m Fig 5, and compared with the logarithm of neutralizing 
capacity of a sample of serum, they were found to be almost parallel The 
ratio of peritoneal resistance to neutrahzmg capacity of a serum sample varied 
from 110/1 to 148/1 Thus antibody content, as measured by senim-neutrah- 
zation tests, paralleled pentoneal resistance at a lower level and was therefore 
found to be a less sensitive measure of immune response than mtrapentoneal 
moculation of acUve virus The fact that the degree of peritoneal resistance 
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induced b> vaccination 'uas paralleled by antibody concentration in the serum 
suggested that the mduced resistance was of the nature of a specific immune 
response 
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Fig 4 Scrum neutralization test Sera of mice of three age groups vacanated 
with formolized EE£ virus 
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Fig 5 Correlation of resistance to active E C E virus by the mtrapentoneal route 
with neutralizing capacity of serum of mice after vacanation with formolized E E^ 
virus 

Is the Resistance Induced hy Vaccination Local or Systemic?— was of mterest 
to know whether the resistance mduced by mtrapentoneal vaccmation with 
formolized virus was local or ^stemic, — ^stemic m the sense of resistance of 
tissues other than the central nervous ^tem 
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One group of 7-days-old mice was vaccinated by mtrapentoneal injection of for- 
molized virus as before, and another group by intramuscular vacanation The nuce 
were mjected three times on alternate days with 0 1 cc of formahn-inactivated E E E 
mouse brain virus suspension Active vmis was injected into half of each vaccinated 
group by the same route as that used for vaccmation and half by the other route 
The results of two experiments are presented in Fig 6 

Mice vaccmated mtraperitoneally were no better protected agamst active 
virus injected by the mtrapentoneal than by the mtramuscular route, and 
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Fig 6 Comparison of resistance to active E E E virus by mtrapentoneal and by 
mtramuscular routes after mtrapentoneal or mtramuscular vaccmation with for- 
mohzed E E E virus 

Fig 7 Immimity to active E E E virus by the mtrapentoneal route 4 to 5 days 
after beginning of vaccmation of 10-days-old mice with formolized vims 


conversely, m mice vaccmated mtramuscularly the resistance to active virus 
given by the same route was no greater than to virus by the mtrapentoneal 
route Thus, the resistance mduced by vaccmation proved to be not local, 
but a general, systemic immunity 

Ttme of Appearance of Immunity to Active EEE Virus Given by the Inlra- 
peritoneal Route — It was desirable to choose mice as old as possible for vaccina- 
tion, smce the immune response has been shown to mcrease with age, yet of 
such age that control htter mates at the time of test would still be susceptible 
to active virus by the pentoneal route 

With these limitations in mind, vaccmation was begun when mice were 10 days of 
age Waif of the number of mice bom on a given day iiere vacanatcd, the others 
remained as non-vacanated controls Vaccination consisted of three mtrapentoneal 
mjections of 0 1 cc of formalm-macUvated EEE vims on consecutive days Tests 
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for resistance to active E E E virus injected mtrapentoncally were earned out on 
the 2nd, 3rd, 4th, and 5th da>'s after the beginning of vaccination 4th and Sth-day 
groups were tested simultaneousl), vaccination having been begun on consecutive 
da>'S when the mice in each group w ere 10 days old The young mice were kept with 
their mothers until tested wth active virus when they were, respectivel> , 12, 13, 14, 
and 15da>sofage 

Immunity to actne virus by the peritoneal route was demonstrable on the 
4th and 5th days after beginning of \accination, as charted in Fig 7 

The difference between the titer of virus m non vaccinated mice and that 
m vacemated mice on the 4th day was at least 1,000-fold, on the Sth day, more 
than 10,000-fold Other experiments indicated a small amount of resistance 
on the 2nd and 3rd days However, this proved to be non specific when mice 
vacemated with the Eastern stram were compared witli Western vaccinated 
as well as with non vacanated control mice The specificity of the immunity 
present on the 4th day was tested m the follow mg experiments 

Spectjicity of Immuntty Induced hy Vacctnaiion vnlh Formoltsed or 

Vtrtis — ^The Western stram of equine encephalomyelitis vims, the vims 
most closely related to the Eastern stram, is known to be immunologically 
distinct from the Eastern, when compared m artifiaally immunized laboratory 
anunals(l7 a) as well asm convalescent horses (17 5) Therefore the specificity 
of the immunity mduced by vaccmation with formohzed Eastern strain com 
pared with that by the Western was tested by mtrapentoneal mjection of 
active virus of the homologous or heterologous stram 

One third of a large group of 10-days-old mice was vacemated with formohzed East 
em strain, one third with formohzed Western, and a third left as non vaccinated 
controls Vacanation wras carried out by three intrapentoneal mjections of 0 I cc of 
formalm inactivated virus on consecutive days On the 4th day after the beginning of 
vacanation, when mice were 14 days old they were tested by the intrapentoneal m 
jection of active Eastern strain of virus 

In another experiment, one third of a group of 7-days-old mice w’as vacanated 
v.nth formolized Eastern strain, one third with formolized Western, and the remainder 
kept as controls Vacanation consisted of three intrapentoneal injections of 0 1 cc 
of formohzed virus on alternate days 8 days after the first injection of vaceme the 
mice then 15 days old, were tested with active W EE virus intrapentoneally The 
results of the two experiments are presented m Fig 8 

The difference between the titer of active Eastern stram of vmis mjected 
intrapentoneally into non vacemated control mice and that m vacemated mice 
on the 4th day after the begmnmg of vaccmation with the homologous stram 
was 100 to 1,000-fold The titer of the same virus m mice vacemated with the 
heterologous (Western) strain was ten fold less than m the non vacemated 
control mice This may represent a small amount of non specific resistance. 
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and, indeed, such resistance was found in vaccmated mice on the 2nd and 3rd 
days after beginnmg of vacanation, regardless of whether the vaccme was of 
the homologous or heterologous stram However, the resistance mduced by 
the 4th day as a result of vaccmation with the homologous stram was signifi- 
cantly greater than that by the heterologous stram and was therefore of the 
nature of a specific immunity 

By the 8th day after the beginnmg of vaccmation of mice 7 days old, a high 
degree of immimity to active virus of the Western stram (1,000,000 pentoneal 
units) had been mduced by means of the homologous vaccme This proved 
to be a highly specific immune response when compared with the lack of re- 
sistance of mice vaccmated with the heterologous stram The degree of un- 
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Fig 8 Specifiaty of immunity mduced by vaccmation with formolized WEE or 
E E E virus as tested by mtrapentoneal mjection of active virus 

munity on the 4th and 8th days can hardly be compared smce the mtervals 
used and the ages of the animals differed 
These eicpenments proved that the resistance mduced by vaccmation with 
formalm-mactivated virus and tested by mtrapenteoneal injection of active 
virus was a true immunity specific for the Eastern or the Western stram of 
equme encephalomyelitis virus 

Infeciivtty of Blood of Mtcc after Inlrapertloneol Injection of Active Virus 

The susceptibdity of yoimg vaccmated mice to mjection of active virus by 
cerebral and jienpheral routes, compared with that of adult normal and young 
normal mice, has been studied It was then of mterest to find how much virus 
was recoverable from the blood of each of these groups after mtrapentoneal 
mjection of active virus, smce vmis mtroduced pentoneally reaches the central 
nervous system by way of the blood stream (8 c, d) 
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10* cerebral units of acti\c E E E virus were injected intraperitoncally into three 
groups of mice One group consisted of normal 2 months-old mice, another, of normal 
15-daj's-old mice and the third of 15-da>s-old mice which had been vacanated, 
beginning at 7 davs of age b> four intrapcntoneal injections of 0 1 cc. of formalin 
inactivated E E E virus on alternate days The six mice m each group were bled 
from the tail, the blood samples of each group were collected in a test tube containing 
a drop of stenle olution of I/SOO hepann in saline Bleedings were made at 2 hours 
24 hours, and 48 hours after the injection of actnc virus and at 6 days m the two 
surviving groups 0 03 cc of each pool of blood, and dilutions m broth where indi 
cated was injected intraccrebrally into three mice The fate of the injected mice 
as well as the infecti\it> of blood at internals are presented m Fig 9 
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Fio 9 Effect of intrapentoneal injection of active E E E virus m mice and sub- 
sequent mfectivity of the blood 

Thus all SIX non vaccinated 15-days-old mice died within 6 days after injection 
of active virus, none of the six vaccinated 15-days-old mice died and one of the six 
normal 2 months-old mice died on the 5tfa day This is consistent with previous ex 
penence that is young mice were susceptible to active \irus by the intrapentoneal 
route whereas the majority of old mice were resistant furthermore joungmice, as 
a result of vaccination became immune to the active virus given by this penpheral 
route 

Active virus w^ recoverable from the blood of the young normal group 2 hours 
filter intrapentoneal injection at 24 and 48 hours, a 100 fold dilution of blood \vas 
fatal to two of three mice and a 1 000 fold dilution to one of three In contrast to 
no active virus was recovered from the blood of the young vaccinated mice at 
these intervals, nor at 6 days Suffiaent virus was present at 2 hours in the blood 
of the adult normal group to kill all of three mice mjected mtracerebrally, but only a 
minimal amount at 24 and 48 hours one of two and one of three mjected mice re 
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spectively died None was recoverable at 6 days However, since one animal died 
on the Stb day, the recovery of a mmimal amount of virus up to that time may have 
been due to virus in the blood of this individual rather than to a low concentration of 
Virus m the blood of all 

Thus, after intraperitoneal injection of active virus in young normal mice, 
virus was demonstrable m 100- and 1,000-fold dilutions of blood for at least 
2 days, all animals succumbed In adult normal mice virus was recoverable 
m the blood at 2 hours, a mmunal amount at 24 and 48 hours, and none at 6 
days, the group as a whole was resistant to mjection of active virus Fmally, 
as a result of vaccmation, no virus appeared m the blood of young immunized 
animals, all of which survived This is an example of another way in which 
young vaccmated animals m their response to active virus more closely re- 
sembled adult than young normal mice 

RESUME AND DISCUSSION 

The experiments reported deal with the mfluence of age on mcreasmg capa- 
city to ehcit an immune response as correlated with decreasmg susceptibility 
to peripheral mjection of a neurotropic vuus The reaction of mice to Eastern 
equme encephalomyehtis virus was studied 

After mtraperitoneal mjection of active virus mto mice of various age groups, 
a larger proportion survived with greater age, and of those which succumbed, 
the greater the age, the longer the mcubation period In the serum of sur- 
vivmg mice of the various age groups no difference m rate of development of 
serum-neutralizmg antibodies was found It should be recalled that survivors 
were not available in the younger groups on the 5th day when antibodies were 
first clearly demonstrable m the serum of adults Smce it was mherently im- 
possible to obtam representative groups of each age at mtervals after mjection 
with active virus, immune response to formahn-mactivated virus was studied 
Young mice, after vaccmation with mactivated virus, developed peritoneal 
resistance m the absence of cerebral resistance at a time when their serum 
showed little or no demonstrable antibody (14) The degree of peritoneal 
resistance mduced m young mice increased with very small increments of age 
This mcrease m resistance was paralleled by mcrease m serum-neutralizing 
antibodies Thus the amount of serum-neutralizmg antibody was found 
to be an mdex of peritoneal resistance after vaccmation It was, however, 
an msensitive mdicator, smce the neutralizmg capacity of a sample of serum 
was consistently lower than the peritoneal resistance of the animal, as shown 
by comparmg the amount of virus neutralized with the amount resisted The 
peritoneal resistance mduced was found not to be local, t e , confined to the 
pentoneum, but rather a systemic immumty of non-nervous tissue, specific 
for the Eastern stram of equme encephalomyehtis vnus 
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An explanation offered for an acquired resistance of growing animals to 
peripheral injection of certam neurotropic viruses m the absence of humoral 
antibodies and of previous exposure to infection was the development of bar 
ners with age which served to arrest the progression of virus (7 i) Since no 
anatomical changes were observed to account for these bamers, they were 
considered hypothetical barriers, or silent areas beyond which the virus could 
not pass In the present experiments an attempt was made to find to what 
extent the greater rate of immune response of older animals might account 
for their msusceptibility to virus given peripherally A parallel was drawn 
between the reaction of young vacemated mice and adult normal mice to 
peripheral mjection of active virus Young vaccinated mice simulated adults 
m that although fully susceptible to virus given by the mtracerebral route, 
they resisted large doses of virus by the mtraperitoneal route It should be 
remembered, however, that their serum contained mmimal amounts of neu 
tralizmg antibody 

Another comparison between adult mice, and young mice vacemated and 
non vacemated, was based on the recosety of auus from their blood after 
mtraperitoneal mtroduction of active virus Since virus is Imown to mvade 
the central nervous system by bemg deposited from the blood onto the nasal 
mucosa, it was of interest that a mmimal amount of virus was found in the 
blood of adults, none m that of young vacemated, and a large amount in that 
of young non vacemated mice The lack of large amounts of circulating virus 
m the blood of adult mice would explam why mvasion of the central nervous 
system m most mdi\ iduals failed to take place, although it was fully susceptible 
at the time The possibihty must not be overlooked that failure to recover 
large amounts of virus may have been due m part to an msusceptibibty of non 
nervous tissues of the adult Although immune response is set m motion at 
the time of mjection of active virus (14), at just what jxiint it becomes effective 
15 difficult to define It has been shown that 10-days-old mice had developed 
a specific immunity to active virus mjected mtrajientoneally by the 4th day 
after beginnmg of vaccmation Older animals, capable of a more rapid im- 
mune response, would be expected to have developed an effective immunity 
within that tune 

Although the central nervous system of old and young mice was found equally 
susceptible to Eastern equme encephalomyehtis vmis, with mcreasmg age 
there was a decreasmg susceptibility to virus mtroduced by the peritoneal 
route Evidence has been presented to show to what extent the more rapid 
and greater immune response of older animals might have mfluenced the out- 
come of such peripheral injection 

No generalization is mtended that young anunals unmunized by means of 
other viruses would always present a greater resistance of non nervous tissue 
comjiared with that of the central nervous system This relationship has 
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been found to obtam for Eastern equme encephalomyebtis virus, a virus to 
which nervous tissue is the most susceptible The relative resistance of the 
tissues of the host to each virus would have to be studied For rabies virus, 
another neurotropic virus, there is already evidence (15) of decreasing sus- 
ceptibihty with age of mice, and furthermore mice are more readily immunized 
with mcreasing age As with Eastern equme encephalomyelitis virus, im- 
munity IS more readily mduced to peripheral than to cerebral mjection of virus 

Other factors which mfluence degree of immune response may be mentioned 
That hormonal factors may mfluence immunizability has been brought out 
by Hodes (18a) who found a reduction m the capacity of mice to elicit an im- 
mune response to St Louis encephahtis virus durmg pregnancy Sabin and 
Duffy (18&) have demonstrated that diet may affect the age at which suscepti- 
bihty of mice to peripheral injection of the neuro tropic virus of vesicular 
stomatitis changes It would be of interest to know whether the difference in 
diet affects the degree to which animals may elicit an immune response 

Although relatively few cases of mfection of man with the vnus of eqmne 
encephalomyebtis have as yet occurred, it is of mterest to consider what bearmg 
the experiments reported may have on the human disease The age difference 
m the milder mfection by the Western stram is not marked (19) In the Massa- 
chusetts epidemic (2) caused by the Eastern stram, children were predommantly 
affected The majority of cases termmated m death, and m those which sur- 
vived permanent cerebral mjury occurred (20 a) Although FothergiU (20 b) 
was unable to find antibodies m the sera of adult contacts available for study, 
he stated that his negative findmgs did not exclude the possibihty of mapparent 
infection m adults Antibodies to the Eastern stram have not only been 
demonstrated m the serum of recovered cases but also m the serum of ap- 
parently healthy mdividuals associated with laboratory work on the virus (21) 
In summary, mfection due to equme encephalomyebtis vmis. Eastern stram, 
has proved fatal to children, or has left permanent cerebral mjury, whereas 
m adults, mapparent mfections have occurred as evidenced by serum-neutraliz- 
mg antibodies m the absence of symptoms 

SUMMARY 

The experiments described m this paper were earned out with the Rocke- 
feller Institute stram of albmo mice and with the Eastern stram of the virus 
of equme encephalomyebtis 

1 The observation was confirmed that with mcreasmg age of mice there 
occurred a decrease m susceptibihty to mtrapentoneal mjection of active virus, 
also, the length of mcubation penod of those which succumbed mcreased 
with age 

2 The mice of vanous age groups which survived an mtrapentoneal mjec- 
tion of active virus were mdistmguishable m their antibody response 
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3 Young mice, \accmated with formalin inactivated virus vhen 2, 5, and 
7 da>s old, gave an immune response to such a degree that they showed (a) 
measurable peritoneal immunity which mcreased with small increments of age, 
{b) no cerebral resistance, and (c) detectable amounts of neutralizmg antibody 
m their sera which paralleled, though at a considerably lower le\el, their 
pentoneal resistance 

4 The pentoneal resistance induced as a result of \accmation was shown to 
be not local, but a general, systemic immunit>, specific for the Eastern strain 
Such a peritoneal resistance was demonstrable by the 4th day after begmnmg 
of vaccmation of 10-da)»s old mice 

5 After mtrapentoneal mjection of active virus, large amounts of virus 
were recoverable from the blood of non vaccinated young mice, none was found 
m the blood of vacemated young mice, a minimal amount was detectable in 
the blood of non vacemated adult mice 

6 The bearmg of age on the degree of immune response of which mice are 
capable and on tlicir susceptibility to the virus has been discussed 
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CONSTITUENTS OF ELEMENTARY BODIES OF VACCINIA 

V A Flavin Associated wth the Pukified Vmus 

By CHARLES L. HOAGLAND M D S M WARD JOSEPH E SMADEL M D , and 
THOMAS M RIVERS M D 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Rcccivcdforpublication, Ma> 21 1941) 

Elementary bodies of %'accmia exhibit uniformity m their chemical con 
stituents and biological activit) (1-3) Chemical, physical, and immunologi 
cal studies ha^e mdicated a degree of complcxitj for this animal virus which 
IS not shared by certain members of the group of crjstallizable plant viruses 
The vieu, therefore, that respiratory catalysts and certain specific growth 
substances, which are known to pta> an important r61e in bacterial metabolism, 
may function in the organization of elementary bodies of vaccinia is not un 
tenable 

Modem researches by Warburg, Keilm, Meyerhof, and others, m the field 
of cellular catalysis, have led to the \iew that, although many substances 
maj participate m a cellular reaction, certain well defined organic catalysts, 
often functioning as prosthetic groups of cn^nmes, take up key positions along 
the metabolic cham which begins with the oxidation of substrate and ends m 
many instances in the reduction of molecular oxygen Of these catalysts, 
the flavins, the phosphopyridme nucleotides, and the cytochromes are im 
portant and have been well studied Search for a cytochrome component of 
vaceme virus was unsuccessful (3) However, a copper constituent m con 
stant amounts m purified elementary bodies of xTiccmia has been found, in 
dicating that a highly organized virus, sucli as \*accmia, may possess substances 
which function catalytically m biological oxidations 

Riboflavin is among the more important oxidative catalysts knowm to plav 
a rftle m cellular metabolism This substance when linked to phosphate and 
adenylic acid forms a nucleotide, and m this combmation functions as the 
prosthetic group of a number of well defined enzymes concerned with the 
oxidation of coenzymes I and II, with the deammation of unnatural ammo 
acids, and with the oxidation of xanthine and aldehjdes (4) A new member 
of this group of flavins which is concerned with the oxidation of reduced <yto 
chrome c has been recently reported by Haas, Horecker, and Hogness (5) 
In view of the ubiquity of flavm containmg enzymes m animal, plant, and 
bacterial cells a search for components of this system in the elementary body 
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of vaccinia has been made The results of the work are reported at this 
time 

EXPERIMENTAL 

In the course of extraction of nucleic acid from elementary bodies of vaccinia 
it was observed that alkaline solutions of the purified virus gave a marked 
fluorescence in the presence of ultraviolet light Increased alkalinization 
caused an irreversible destruction of the fluorescent property Moreover, it 
was noted that suspensions of elementary bodies of vaccinia tended to lose 
this fluorescence to some extent on standing for prolonged periods of time in 
strong light The fluorescence was partially regained, however, when the 
light-exposed virus was placed m the dark for several hours Flavins are 
characterized in part by their instability m the presence of strong light (6) 
This reaction, known as photolysis, is greatly accelerated in an alkaline me- 
dium It, therefore, occurred to us that the behavior of the vmus in ultra- 
violet light could be explained m part, at least, if a flavin constituent were 
demonstrated 

Chromatographic Separation of Fluorescent Material from Virus 

It was possible by treating vaccme virus with SO per cent alcohol m a buffer 
at pH 4, to dissociate from the virus a substance which earned a major part 
of the total fluorescence Moreover, it was possible by means of chromato- 
graphic methods to concentrate the material in a thin rmg in an absorption 
tower of aluminum oxide from which it was subsequently eluted with sodium 
bicarbonate and methanol 

Construction and Use of Chromatographic Tower — 50 mg of elementary bodies of 
vaccinia were suspended in 10 cc of water, and 0 1 n hydrochloric acid added until 
the pH of the suspension was 4 The volume was brought to 15 cc ivith distilled 
water, and 15 cc of absolute alcohol were added slowly with vigorous stirrmg The 
alcohol-elementary body mixture was heated for 5 mmutes on a boiling water bath 
and filtered (Whatman No 42 filter paper) The clear filtrate, examined with ultra- 
violet hght, exhibited a marked bluish green fluorescence An absorption column 
was constructed, which consisted of soft glass tubing, 15 cm m diameter and 35 cm 
in length, with a constnction at one end A small portion of glass wool was packed 
tightly against this constnction and Brockmann anhydrous aluminum oxide (AIiOi) 
was packed firmly agamst the glass wool until the column was filled to within 5 cm 
of the top Another portion of glass wool w as packed at the top agamst the aluminum 
oxide The tower was clamped to a stand and suction was applied at the constneted 
end, after which the filtrate from the heated elementary bodies was added slowly from 
above The speed of flow of the filtrate through the alummum column w as controlled 
bv the amount of suction applied About 15 mmutes was required for the passage of 
each 10 cc of filtrate It was necessary to pack the tower tightly enough for the fluid 
to descend slowly, wettmg the alummum oxide in an advancing sharp plane, otherwise 



C L nOACLAND, S M WARD, J E SilADEL, T M RIVERS 


135 


irregular channels appeared in the aluminum otidc and sharp separation of the zone- 
■was not obtamed 

Development of the Chromatogram — It ^\as possible by frequent examination of the- 
tov. cr \Mth a mercury arc hght to note the chongmg position of the zone of fluorescence 
10 cc portions of 4 normal hydrochloric acid alcohol mixture were added until the- 
ring had advanced 5 to 10 cm below the top of the aluminum oxide column By 
means of a file the absorbmg column was broken cleanly just above the fluorescent rmg" 
and the alummum oxide carrymg the zone of fluorescent material was hfted out by" 
means of a spatula and placed in a small beaker 10 cc. of methanol sodium bicar 
bonatc solution were added to the alummum oxide absorption complex and the mu 
turc shaken vigorously and filtered The filtrate containmg the fluorescent matenal 
was neutralized with 0 1 N hydrochloric acid and concentrated in vacuo to 5 cc The 
matenal eluted from the ring of alummum oxide w as pale yellow m color and gave an. 
mtense bluish jcUow fluorescence in the presence of ultraviolet hght 

Absorption Spectrum of the riuorcscent Material — Attempts to identify the 
fluorescent substance by a study of the absorption spectrum failed There 
WTis considerable end absorption m the ultraviolet, mdicatmg the presence of 
extraneous material Although marked fluorescence of the eluatc was ob- 
served, there was msufiicient concentration to render identification b> ab- 
sorption spectra possible, either m the visible or ultraviolet region of the 
spectrum We accordmgl) turned to other methods for its identification 


IdetiUfieotwn of Flavin 

If the material responsible for any part of the fluorescence of the virus 
could be attributed to flavin, it was most likely bound m a flavoprotem com 
bination, since free flavin would almost certainly have been washed aw’ay m 
the extensive process of virus purification 


In 1935 Krebs (7) desenbed a technique for the estimation of flavm adenme-dinu 
cleotide makin g use of the protein of the d ammo acid oxidase d Ammo acid oxidase 
IS a conjugated enzyme, with flavm adenmc-dinudeotide as its prosthetic group It 
IS readily prepared in large quantities from pig kidney The mtact en^mie specifically 
catalyzes the conversion of the unnatural ammo acids to the corresponding alpha keto 
acids ammonia and hydrogen peroxide So far as it is known, all d*ammo aads 
undergo oxidative deamination m the presence of d ammo acid oxidase, although 
great variation m rate of oxidation exists among the mdividual members of the d 
ammo acid senes (7) For most purposes d alanme has been used as a substrate 
because of its ready availabihty and the rapidity of its deammation The over all 
reaction may be wntten thus 


CH| 

CHNHj + d-amino aad + HjO + Oj 

I oxidase 

COOH 

d-alanme 


CH, 

I 

- CO + NH, + H,0* 

I 

COOH 
pyruvic aad 
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of vaccinia has been made The results of the work are reported at this 
time 

EXPERIMENTAL 

In the course of extraction of nucleic acid from elementary bodies of vaccinia 
it was observed that alkalme solutions of the purified virus gave a marked 
fluorescence m the presence of ultraviolet light Increased alkahnization 
caused an irreversible destruction of the fluorescent property Moreover, it 
was noted that suspensions of elementary bodies of vaccmia tended to lose 
this fluorescence to some extent on standing for prolonged periods of time m 
strong light The fluorescence was partially regained, however, when the 
hght-exposed vnrus was placed m the dark for several hours Flavins are 
characterized m part by their instability m the presence of strong light (6) 
This reaction, known as photolysis, is greatly accelerated in an alkahne me- 
dium It, therefore, occurred to us that the behavior of the virus m ultra- 
violet light could be explamed in part, at least, if a flavin constituent were 
demonstrated 

Chromatographic Separation of Fluorescent Material from Virus 

It was possible by treatmg vaccme virus with 50 per cent alcohol m a buffer 
at pH 4, to dissociate from the virus a substance ivhich earned a major part 
of the total fluorescence Moreover, it was possible by means of chromato- 
graphic methods to concentrate the material in a thin rmg m an absorption 
tower of aluminum oxide from which it was subsequently eluted with sodium 
bicarbonate and methanol 

Construction and Use of Chromatographic Tower — 50 mg of elementary bodies of 
vaccmia were suspended m 10 cc of water, and 0 1 n hydrochloric acid added until 
the pH of the suspension was 4 The volume was brought to IS cc with distdled 
water, and 15 cc of absolute alcohol were added slowly with vigorous stimng The 
alcohol-elementary body mixture was heated for 5 mmutes on a boding water bath 
and filtered (Whatman No 42 filter paper) The dear filtrate, examined with ultra- 
violet hght, exhibited a marked bluish-green fluorescence An absorption column 
was constructed, which consisted of soft glass tubing, 1 5 cm in diameter and 35 cm 
m length, with a constnction at one end A small portion of glass wool was packed 
tightl}' against this constnction and Brockmann anhydrous alummum oxide (A1 0») 
was packed firmly agamst the glass wool untd the column was filled to withm 5 cm 
of the top Another portion of glass wool w as packed at the top agamst the alummum 
oxide The tow er was damped to a stand and suction w as apphed at the constneted 
end, after which the filtrate from the heated elementary bodies was added slowly from 
above The speed of flow of the filtrate through the alummum column was controlled 
by the amount of suction apphed About 15 mmutes was required for the passage of 
each 10 cc of filtrate It was necessary to pack the tower tighfly enough for the fluid 
to descend slow 1> , wettmg the alummum oxide m an ad vancmg sharp plane, otherwise 
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irregular channels appeared m the alummum oxide and sharp separation of the zone- 
^as not obtained 

Development of the Chromatogram — It was possible by frequent examination of the 
tower with a mercury arc light to note the changing position of the zone of fluorescence 
10 cc. portions of 4 normal hydrochloric acid alcohol mixture were added until the 
nng had advanced 5 to 10 cm below the top of the aluminum oxide column By 
means of a file the absorbing column was broken cleanly just above the fluorescent nng 
and the aluminum oxide carrying the zone of fluorescent material was lifted out by 
means of a spatula and placed m a small beaker 10 cc- of methanol sodium bicar 
bonate solution were added to the aluminum oxide absorption complex and the mix 
turc shaken vigorously and filtered The filtrate containing the fluorescent material 
n-as neutralized with 0 1 N hydrochloncacid and concentrated tn vacuo to 5 cc The 
matenal eluted from the nng of aluminum oxide wtis pale > ellow m color and gave an. 
mtensc bluish jcUow fluorescence m the presence of ultraviolet hght 

Absorption Spectrum of the riuorescent Material — Attempts to identify the 
fluorescent substance by a study of the absorption spectrum failed There- 
was considerable end absorption in the ultraviolet, indicating the presence of 
extraneous material Although marked fluorescence of the eluate was ob- 
served, there was insufficient concentration to render identification by ab- 
sorption spectra possible, either m the visible or ultraviolet region of the 
spectrum We accordingly turned to other methods for its identification 


Identification of Flavin 

If the matCTial lesponsiWe for any pan of the flnoTescente of the vitas 
could be attributed to flavin, it was most likely bound m a flavoprotem com 
bination, since free flavin would almost ccrtainl> have been washed away in 
the extensive process of virus purification 


In 1935 Krebs (7) desenbed a technique for the estimation of flavm adenme-dinu 
cleotide makmg use of the protem of the d ammo acid oxidase d Ammo acid oxidase 
IS a conjugated enzyme, with flavm adenme-dmucleotide as its prosthetic group It 
IS readily prepared m large quantities from pig kidney The intact enzyme specifically 
catalyzes the conversion of the imnatural ammo acids to the correspondmg alpha keto 
aads, ammonia and hydrogen peroxide So far as it is known, all d ammo acids 
undergo oxidative deammation m the presence of d ammo aad oxidase although 
great variation m rate of oxidation exists among the mdividual members of the d 
amino aad senes (7) For most purposes d alanme has been used as a substrate 
because of its ready availability and the rapidity of its deammation The over all 
reaction may be wntten thus 


CH, 


CHi 


CHNHj + d-amino aad + HjO + ()»•■ CO + NH* + HiOj 
I oxidase I 

COOH COOH 


d-alamne 


pyruvic aad 
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of vaccinia has been made The results of the work are reported at this 
time 

EXPERIMENTAL 

In the course of extraction of nucleic acid from elementary bodies of vaccinia 
it was observed that alkaline solutions of the purified virus gave a marked 
fluorescence m the presence of ultraviolet light Increased alkahnization 
caused an irreversible destruction of the fluorescent property Moreover, it 
was noted that suspensions of elementary bodies of vaccinia tended to lose 
this fluorescence to some extent on standing for prolonged periods of time m 
strong light The fluorescence was partially regained, however, when the 
bght-exposed virus was placed m the dark for several hours Flavins are 
characterized m part b}' their instability m the presence of strong light (6) 
This reaction, known as photolysis, is greatly accelerated m an alkaline me- 
dium It, therefore, occurred to us that the behavior of the virus in ultra- 
violet light could be explained in part, at least, if a flavin constituent were 
demonstrated 

Chromalograplnc Separation of Fluorescent Material from Virus 

It was possible by treatmg vaccme virus with 50 per cent alcohol m a buffer 
at pH 4, to dissociate from the virus a substance which earned a major part 
of the total fluorescence Moreover, it was possible by means of chromato- 
graphic methods to concentrate the material in a thin ring m an absorption 
tower of aluminum oxide from which it was subsequently eluted with sodium 
bicarbonate and methanol 

Conslruclton and Use of Chromatographic Tower — 50 mg of elementary bodies of 
vaccinia were suspended m 10 cc of water, and 0 1 n hydrochloric acid added until 
the pH of the suspension was 4 The volume was brought to 15 cc with distilled 
water, and IS cc of absolute alcohol were added slowly with vigorous stirrmg The 
alcohol-elementary body mixture was heated for 5 mmutes on a boiling water bath 
and filtered (Whatman No 42 filter paper) The clear filtrate, examined w ith ultra- 
violet hght, exhibited a marked bluish-green fluorescence An absorption column 
was constructed, which consisted of soft glass tubing, 1 5 cm in diameter and 35 cm 
in length, with a constnction at one end A small portion of glass wool was packed 
tightly agamst this constnction and Brockmann anhydrous alummum oxide (AljOi) 
was packed firmly agamst the glass wool until the column was filled to wnthm 5 cm 
of the top Another portion of glass wool w as packed at the top agamst the aluminum 
oxide The tower was clamped to a stand and suction was apphed at the constneted 
end, after which the filtrate from the heated elementary bodies was added slowly from 
above The speed of flow of the filtrate through the alummum column was controlled 
b> the amount of suction apphed About 15 mmutes was required for the passage of 
each 10 cc of filtrate It was necessary to pack the tower tightl> enough for the fluid 
to descend slowly, wettmg the alummum oxide m an advancmg sharp plane, otherwise 
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irregular channels appeared m the aluminum oxide and sharp separation of the zone* 
v.*as not obtained 

Development of tfie Chromatogram —It was possible by frequent examination of the- 
tower with a mercurj arc hght to note the changing position of the zone of fluorescence 
10 cc. portions of 4 normal hydrochloric acid alcohol mature were added untd the 
ring had advanced 5 to 10 cm below the top of the aluminum oxide column By 
means of a file the absorbing column w as broken cleanly just above the fluorescent nng 
and the aluminum oxide carrjnng the zone of fluorescent material was hfted out by 
means of a spatula and placed m a small beaker 10 cc of methanoI-sodium bicar 
bonate solution were added to the aluminum oxide absorption complex and the mix 
ture shaken x igorously and filtered The filtrate contammg the fluorescent matenat 
was neutralized with 0 1 K hj drochlonc acid and concentrated tn vacuo to 5 cc, The 
material eluted from the nng of alummum oxide was pale yellow m color and gave aa 
mtense bluish yellow fluorescence m the presence of ultraviolet hght 

Absorption Spectrum of the riuoresccnt Material — Attempts to identify the 
fluorescent substance by a study of the absorption spectrum failed There 
was considerable end absorption m the ultraviolet, mdicating the presence of 
extraneous material Although marked fluorescence of the cluate was ob- 
served, there was msufficient concentration to render identification b> ab- 
sorption spectra possible, either in the visible or ultraviolet region of the 
spectrum We accordingly turned to other methods for its identification 

fdenitficatton of Flasnn 

If the material responsible for any part of the fluorescence of the virus 
could be attributed to flavin, it \vas most likely bound m a flavoprotem com 
bmation, smee free fiavm would almost ccrtamly have been washed awaj m 
the extensive process of virus purification 

In 1935 Krebs (7) desenbed a technique for the estimation of flavm adenme-dmu 
cleotide making use of the protein of the d ammo aad oxidase d Ammo sad oxidase 
IS a conjugated enzyme, with flavm adenmc-dmudeotide as its prosthetic group It 
IS readily prepared in large quantities from pig kidney The mtact enzyme specifically 
catalyzes the conversion of the unnatural ammo ands to the correspondmg alpha heto 
acida, ammonia, and hydrogen peroxide So far as it is known all d ammo aads 
undergo oxidative deamination m the presence of d-ammo aad oxidase, although 
great variation in rate of oxidation exists among the mdividual members of the d 
ammo aad senes (7) For most purposes d alanme has been used as a substrate 
because of Us ready availabihty and the rapidity of its deammation The over all 
reaction mav be written thus 

CH, CH, 

I I 

CHNHj + d ammo aad + HjO + Oj CX) + NHj 4* HiO* 

[ ondase | 

COOH COOH 

(J^alamne pyruvic aad 
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Under carefully controlled conditions, worked out by Warburg and Chnstian (9), 
the above reaction can be made quantitative for the determination of flavm-adenine- 
dmudeotide This is accomplished by dissociating the flavin of d-amino acid oxidase 
by lowenng the pH to 4, and precipitatmg the protem portion of the enzyme from 
solution with ammonium sulfate The protem alone is mactive, but becomes very 
active in the conversion of d-alanine to pyruvic acid when mixed with solutions con- 
tammg flavm-adenme-dmucleotide The oxygen uptake m the Warburg mano- 
meter m the presence of the specific protem and d-alanme is proportional to the flavm- 
adenme-dmucleotide m the test solution Accordmg to Warburg and Chnstian (9) 
the reaction between the d-ammo acid oxidase and d-amino acid, i e , the rate of 
oxygen uptake m the presence of an excess of d-ammo acid, may be expressed by the 
equation Raie of Oa uptake = k {Jlamn) {protein) 

The equation mdicates that the rate of oxygen uptake will be mcreased in three 
ways (1) by an increase m the flavm-adenme-dmucleotide component, (2) by an 
mcrease m the quantity of the specific protem, and (3) by an mcrease in both these 
constituents Warburg and Chnstian (9) and others (10) have taken advantage of 
this equation to evolve a technique for the estimation of flavm-adenme-dmucleotide 
by determination of the constant of the protem in the presence of a known amount of 
pure flavm-adenme-dmucleotide They found the relation between the activity of a 
fixed quantity of protem and d-ammo acid, with varymg amounts of flavm-adenme- 


dmucleotide, to be expressed by the equation k 


V, -V 


where c is the concentra- 


tion of flavm-adenme-dmucleotide which will produce rate V, and F. is the rate in the 
presence of an excess of flavin-adenme dmucleotide When F = 0 5 ife becomes 
equal to c, and can be expressed m micrograms of flavm-adenine dmucleotide present 
m the test substance By companson of the rate produced by known amounts of 
flavm-adenme-dmucleotide with the rate produced by an unknoivn substance m the 
presence of a given quantity of the protem of the d-ammo acid oxidase, the concentra- 
tion of flavm-adenme dmucleotide m the unknown substance can be determined 

Preparation of d-Aimno Acid Oxidase — d-Amino acid oxidase from pig kidney was 
prepared accordmg to the method of Warburg and Christian (9), after which the 
specific protem was recovered free of prosthetic group by precipitation with am- 
monium sulfate 

To a fine mmce of fresh pig-kidney cortex, 5 volumes of chilled acetone were added 
The mixture vas stirred vigorously for 5 minutes, after which it was filtered through 
a Buchner funnel The precipitate was dned in vacuo at 4°C , then pow dered, and 
kept m the cold as a source of startmg material for the preparation of the specific 
protem 

To prepare the protem portion of the enzyme, 200 cc of water were added to 10 
gm of the dned kidney powder The matenal was next centrifuged and the sedi- 
ment discarded To 200 cc of the dear supernatant solution at 0°C were added 13 3 
cc. of 1 molar acetate buffer, pH 3 8 The precipitate w as collected by centrifugation 
and discarded To the supernatant matenal kept at O’C was added H volume of 
saturated ammonium solution The precipitate which formed slowly was collected 
by centrifugation m the cold, dissolved with 5 cc of 0 1 molar sodium pyrophosphate 
buffer, pH 8 3, and made up to 100 cc with water To this dilute solution were added 
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35 cc. of saturated ammonium sulfate, and while being shaken 40 cc of 0 1 normal 
h>drochlonc acid were added slowly At this time the pH of the solution was 2 8, 
and the ammonium sulfate concentration was about 0 2 molar The precipitate was 
collected by centrifugation, dissolved m 5 cc of 0 1 molar sodium pyrophosphate, and 
made up to 100 cc with water Precipitation with ammonium sulfate and hydro- 
chloric acid was repeated os before and the precipitate taken up in 2 5 cc of 0 1 molar 
sodium p>Tophosphate and made up to 25 cc with ivater The solution was clarified 
by centrifugation, after which it was frozen and dned tn vacuo 

QualUahre Determination of Flamn Adenine Dinucleoiide tn Elementary 
Bodies • — The presence of flavin adenme-dinucleotide m the elementary bodies 
was demonstrated m the follow ing manner 

11 mg of freshly prepared elementary bodies of vacania were suspended in 1 1 
cc. of water and heated for fO minutes at 80*C Fluid lost by evaporation was 
replaced, and 1 0 cc of the suspension containing 10 rag of virus was placed in the 
bottom of a conical Warburg fiask The central well of the flask contained a small 
roll of filter paper and 0 2 cc S N NaOH 2 mg of specific d ammo acid o^dase 
‘ protein” in 0 5 cc. of 0 1 molar sodium pyrophosphate buffer pH 8 3, were added to 
the elementary body suspension and thoroughly mixed by gentle rotation 1 mg of 
d alanme m 0 5 cc. of tbc pyrophosphate buffer was added to the side arm The fiask 
was attached to the manometer and the manometer fiask s>'5tem equihbratcd with 
pure ox> gen The manometers w ere then shaken m the water bath until cquihbnum 
had been achie\ ed and the d-olanine m the side arm was tilted into the reaction fiask 
The manometers were shaken and oxygen consumption observed at 10 minute m 
tervals for a penod of 2 hours Control flasks, containing specific ‘ protein” and 
d alanine, elementary bodies and d alanine, and specific ‘protein ' and elementary 
bodies were set up at the same time 

No reaction ^vas observed m the control flasks A steady oxygen uptake 
m the flask containing elementary bodies, “specific protein,” and d alanme of 
about 4 to 5 mm of oxygen per 10 mmute interval was noted consistently 
Oxygen consumption was likewise shown on successive lots of elementar> 
bodies prepared in the same manner A graph for a typical reaction rate is 
given m Text fig 1 When unheated elementar> bodies were used m the 
setup described above, oxygen utilization was likewise observed, but at a 
significantly lower rate The mcreased rate of oxygen uptake observed m 
the case of elementary bodies heated to 80®C can be explamed m part by the 
fact that for maximum activity it is necessary first to release flavm adenme 
dmucleotide by denaturation of the virus, and m part by the fact that heat 
mactivates the trace of catalase which, as Macfarlane and Salaman have shown, 
IS associated with virus preparations (8) This catalase, which we have also 
found m our elementary body preparations, unless inactivated by heat or 
cyanide, served to release oxygen from the hydrogen peroxide whidi is formed 
m the reaction mixture thereby lowermg the apparent ox>gen uptake m the 
Warburg manometer 
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Qiiantitahve Detenmnahon of Flaotn-Adenine-Dinucleohde the Virus by 
Enzymatic Reaction —An attempt was made to estimate the amount of flavm- 
adenme-dmucleotide m elementary bodies by comparison of the rate of reac- 
tion of the protem of d-ammo acid oxidase and heated virus, w ith that of the 
protein and flavin-adenme-dinucleotide prepared from yeast For this pur- 
pose it was necessary to prepare pure flavm-adenme-dmucleotide according to 
the method of Warburg and Christian (9) 


a d-QlQmne+ elementary Ijodies 
h d alanine + d- ammo acid 
oxidoee ’protein' 
a d alanine + elementary l»dloe + 
d ammo acid coadose “pratein* 




Text-Fig 2 


Text-Fig 1 Oxidation of d-alanine by elementary bodies of vaccinia in the pres- 
ence of the “protein” of d-ammo acid oxidase 

Text-Fig 2 Growth response of Lactobacillus casei E m a basal medium to pure 
nboflavm and to elementary bodies of vaccmia 


10 kilos of fresh yeast were mixed with 20 liters of hot water and held at 7S-80°C 
for 10 rmnutes with stimng, after which the residue was removed by centrifugation 
To the supernatant fluid were added 11 kilos of ammonium sulfate and the dmucleo- 
tide extracted from the precipitated material by three successive extractions with 2 5 
hters of phenol (u s p , 88 per cent) The phenol mixture was next extracted suc- 
cessively ivith a total of 6 hters of ethyl ether and 1 5 hters of water The aqueous 
solution of dmucleotide, freed from ether by distillation in vacuo, was made acid to 
Congo red with 140 cc of 2 normal nitric acid and the dmucleotide precipitated with 
20 cc of 30 per cent silver nitrate The silver precipitate was next collected by 
centrifugation and washed with 100 cc of water, suspended in SO cc of water, and 
decomposed with hydrogen sulfide The dinudeotide was extracted from the silver 
sulfide by washmg the precipitate eight times wnth 25 cc of molar/100 banum acetate 
This solution, containing the banum salt of the dmucleotide, was made acid with 6 cc 
of normal sulfunc acid, and the banum sulfate precipitate centrifuged and washed 
withwater To the aqueous extract were next added ISO gm of ammonium sulfate, 
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and the resulting mixture extracted with 15 cc of paracresol The paracrcsol solu 
tion containing the dmuclcotidc, was washed many times with a 0 2 normal solution 
of sulfunc acid containing 50 per cent, b> weight of ammonium sulfate 500 cc of 
eth> 1 ether w ere added to the paracresol solution and the mixture shaken w ith water 
The aqueous layer, recovered by means of a separatory funnel, was made acid to litmus 
and sufficient 2 molar banum acetate added to remove the sulfunc acid as barium 
sulfate A phosphorus analj’sis on the aqueous material was performed, and for 
each gram atom of phosphorus found one mole of banum acetate w’as added The 
mixture W’as concentrated in vactio to about 10 cc, and 2 moles of ammonium sulfate 
added for each gram atom of phosphorus, after which the mixture was dried vt lacuo 
and the ground dned residue extracted several times with 95 per cent alcohol The 
alcohol was discarded the residue extracted at 40'’C with 2 5 cc of water, and the 
aqueous extract discarded The brown residue w’as then dissolved m 10 cc, of water 
at 60®C On cooling to room temperature crystals of the banum salt of flavm ade 
nme-dmucleotide were precipitated These were washed with absolute alcohol and 
dned tn vacuo at 0®C 

The quantitative determinations of the amount of flavm-adenme-dmucleo 
tide in vaccine virus were conducted in the foUowmg manner 

Flavm adenine-dmucleotide m amounts less than 03 microgram was dissolved 
in 03 cc, of water and placed m the bottom of a Warburg respiration flasL 2 mg of 
specific d ammo acid oxidase protem m 0 5 cc of 0 1 molar sodium pyrophosphate 
buffer, pH 8 3, were added and mixed thoroughly by gentle rotation 1 mg of d 
alanmc m 0 5 cc of pyrophosphate buffer was added to the side arm The flask was 
attached to the manometer, and the system equilibrated \vith pure oi^gen The 
manometer cock was closed and when temperature equilibnum had been achieved in 
the water bath at 38 C the d alamne m the side arm was tilted into the reaction flask 
and the manometer observed at 10 mmute intervals for oxygen uptake Control 
flasks contaming the specific protem and d alanine, and flavm adenme-dinucleotide 
and protem w ere set up at the same time In another set of flasks, heated elemcntar}' 
bodies, as a source of flavin adenme-dmucleotide and appropriate controls were set up 
m the manner previously described, using a 2 rag ahquot of the specific protein for 
each 10 mg lot of heated elementary bodies 

The results are given m Table I 0 0002 and 0 0001 mg of flavm adenme- 
dmucleotide yielded rates respectively slightly higher and slightly lower than 
the rate given by 10 rag of elementary bodies of vaccmia Although the 
identification of flavm adenme-dmudeotide by this technique was possible, 
absolute quantitative results were hard to secure for three reasons (1) it is 
difficult to know by any standards thus far brought forward when one has ob- 
tained a pure flavm adenme-dmucleotide from yeast, (2) it is a laborious task 
to prepare and keep standardized, active solutions of the specific protem from 
d ammo acid oxidase, since the material becomes irreversibly inactivated upon 
standmg m solution and (3) it requires several determinations on each dilu 
tion of material to locate accurately the pomt m the equation where F = 0 5 F 
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Moreover, when amounts of virus greater than 10 mg were used for the 
determmation of flavin-adenme-dinucleotide by this procedure an unexplamed 
inhibition of the reaction seemed to occur so that total activity was actually 
less than that observed with smaller quantities of virus When amounts of 
virus smaller than 10 mg were used, the rates were often too low for accurate 
manometric measurement Under the best of conditions the quantitative 
results obtained by this technique can be regarded only as an approximation 
For these reasons we turned to yet another procedure for the quantitative 
determmation of flavin in our virus material 
Quantitative Determination of Riboflavin in Elementary Bodies of Vaccinia by 
Microbiological Assay — In 1939, Snell and Strong (11) described a relatively 
simple method for the quantitative determmation of riboflavin The method 
IS based on the requirements of Lactobacillus casei E for this substance as a 
growth factor To a basal medium, m which all the growth requirements of 

TABLE I 


Oxidative Deamination of d Alanine by the “Protein” of d Ammo Acid Oxidase Together iinth 
Elementary Bodies of Vaccinia and with Flamn-Adentne-DinucleoUde Prepared from Yeast 


Test matenal 

Amount 

1 

Protein" of d 
ammo acid 
oxidase 

Oi uptake 


ms 

ms 

mm • per hr 

Elementao bodies of vaccinia 

10 0 

2 0 

22 0 

Flavin-adenine dinudeotide 

0 0001 

2 0 

17 9 

(( it tl 

0 0002 

2 0 

24 2 


this bacillus except riboflavin are present m excess, is added a finely divided 
suspension of the material to be assayed for nboflavm The mixture of me- 
dium and substance to be tested is then autoclaved, and when cool inoculated 
with a fresh, washed culture of Lactobacillus casei E The culture is allowed 
to mcubate 72 hours, or until no further growth of the bacilli occurs A set 
of control tubes contaming the basal medium to which known increments of 
crystallme riboflavin have been added is prepared at the same time, auto- 
claved, moculated with Lactobacillus casei E, and mcubated for the same period 
Since nboflavm m the test material is the factor limitmg growth of the or- 
gamsm, both the number of organisms, as measured by turbidity, and the 
amount of lactic acid produced, as measured titrimetrically, bear a relation- 
ship to the quantity of nboflavm present By this technique purified vaccine 
virus has been shown to contain nboflavm, and the amount has been expressed 
in micrograms of nboflavm per unit weight of the dry virus 

A set of culture tubes contammg 10 cc of basal medium prepared according to the 
directions given by Snell and Strong (11) were set up in duplicate and increments of 
nboflavm added m amounts of 0 0, 0 05, 0 1, 0 15, 0 20, 0 25, 0 30, and 0 40 micro- 
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grams A set of tubes with the basal medium containing freshly prepared vacane 
virus, m amounts of 2 0, 4 0, 6 0, 8 0, and 10 0 mg were set up at the same tune 
Both the standard medium containing increments of nboflavm and the medium 
contammg vaccine virus, in lieu of nboflavm were autoclaved at 20 pounds for 
15 minutes, cooled to room temperature, and inoculated with 0 05 cc. of a 24 hour 
culture of LadobactUus caset E This culture had been growTi on a medium containing 
0 1 microgram of added nboflavm, washed twice with phosphate buffer, and resus 
pended in 20 cc. of sterile phj’siological salme The tubes contammg the standard 
and those with the virus matenal being tested were then incubated at 38®C for 72 
hours At the end of this time the growth turbidity was measured by means of a 
photocell colonmcler of the Evelyn type, and the lactic acid was titrated with 0 1 
normal sodium hjdroxide to a brom thymol blue end point In general, the results 
of duplicate samples obtamed by titration agreed more closely than results obtained 

TABLE n 


Flavin Content oj Purified Elementary Bodies of Vacama as Determined by Assay mlh 
Lactobacillus Caset E 


Lot 

Virus tftken (or *siay 

Flavin per lOO ^ of virus 


mt 

mt 

1 


1 5 

2 

2 1 

1 5 

3 

2 1 

1 4 

4 

2 

1 5 

5 

2 

1 4 

« 1 

^ 1 

1 5 


by turbidity measurements, and were finally used exclusively as a measure of growth 
and consequent metabolic activity of the culture 


Determmations by means of Laciobactlltis cases E done on 10 lots of \irus 
reveal, from lot to lot, a fairly constant content of riboflavin, ranging from 
1 1 and 1 5 mg per 100 gm of virus The results obtained by microbiological 
assay are given in Table II A graph of the growth response of LactobacxlUis 
cases E to pure nboflavm and to elementary bodies of vaccmia is given m 
Text fig 2 

Separation of Flavin ConsMuetU from Elementary Bodies of Vaccinia 
All attempts to separate the flavm from purified elementary bodies of vac 
cmia by procedures which m themselves do not inacti\’ate the virus have thus 
far failed, namely, repeated washmg with buffers rangmg from pH 6 to pH 8, 
ultrafiltration by means of the Coolidge apparatus (12) or electrodialysis 
Attempt to Separate Flavin from Virus by Repeated Washing in Dilute Buf 
fers — On the assumption that the flavm adenme-dmudeotide present in pun 
fied virus might have been adsorbed from the extraneous animal material 
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during the process of preparation of the virus, we set about to see if it could 
be eluted by methods which are of recognized value in the separation of ad- 
sorbed substances For flavin constituents, certain of the factors influencing 
adsorption and elution are known Among these is the factor of pH In 
general, adsorption of flavm is favored at a low pH level and elution favored 
within higher pH ranges 

To 20 mg of purified elementary bodies of vaccinia were added 20 cc of 0 025 molar 
citrate bufier of pH 4 The virus was removed by means of centnfugation and resus- 
pended and washed twice in distilled water The virus was finally collected by cen- 
trifugation, dried at 0°C in vacuo, and assayed for flavm by means of the microbiologi- 
cal method previously descnbed The experiment was repeated, but citrate buffers 
of pH 5 and 6 5, and 0 075 molar phosphate buffers at pH 7, 7 5, and 8 0 were used 
No significant loss of flavm could be detected followmg these repeated washings with 
buffers of varymg pH 

Attempt to Separate Flavin Constituent by Vltrafltrahon — For ultrafiltration 
a simple device described by Coohdge (12) was used By this method Coohdge 
was able to show that bilirubin was attached to the albumin fraction of human 
serum and could not be removed by ultrafiltration 

10 mg of purified virus were suspended m 10 cc of dilute buffer at pH 7 2 and 
placed in a cellophane bag The end was knotted, and the bag placed vertically m 
a small tube of the Coohdge type, supported by a porous plate which rested in turn 
on a partial constriction at the middle of the tube The assembled tube was cen- 
trifuged at 2000 R p M for 1 hour After this time about 5 cc of ultrafiltrate were 
obtained The ultrafiltrate, tested microbiologically, did not contain riboflavin 
Moreover, no fluorescence of this matenal was observed in ultraviolet light 

Attempt to Separate Flavin Constituent by Electrodialysis — ^An apparatus and 
procedure for electrodialysis which does not inactivate vaccine virus has been 
described previously (3) By this technique it is possible to control the pH 
at any desired level by means of dilute buffer which flows steadily through the 
protectmg cells placed between the virus and electrodes 

10 mg of virus w ere suspended m dilute buffer m the center cup of a 5-compartment 
electrodialysis cell, and dialyzed with a potential of 110 volts and a current of 50 
milhamperes for 48 hours at 20°C Aseptic precautions were insured by autoclavmg 
the cell before use and the cautious introduction of bactena-free virus That no 
bacterial contamination or grow th occurred was shown by cultures made on blood 
agar plates at frequent mtervals dunng the course of the diah sis 

Electrodialysis produced no significant drop m the flavm content of the 
virus over that noted m a control lot of virus kept at 20°C and at the same pH 
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DISCUSSION 

All attempts to separate the flavin component from elementary bodies of 
vaccinia b> means n'hich did not result m inactivation and denaturation of 
the virus failed, namelj, repeated u^ashing with buffers ranging from pH 6 
to 8, ultrafiltration by means of the Coolidge apparatus, and electrodial>'sis 
The only successful means thus far found to remove the fla\ m constituent has 
been to lower the pH to 4 and precipitate the virus from suspension by means 
of heat and alcohol, methods which are knoivn to dissociate flavin adenine 
dinucleotide from its protein component 

With respect to the concentration of riboflavin in vaccine virus, it is m 
teresting to note that it compares favorably with that found in muscle, but 
It IS significantly below that in >east which is an exceptionally rich source of 
nboflavm The published values also show a greater concentration of nbo 
flavm m bacteria than that found m vaccine vims, although a great range of 
variability m microorganisms is known to occur 

The demonstration that elementary bodies of vaccinia contain constant 
amounts of flavin adenine-dmucleotide is in itself an interesting fact, but proof 
that this substance is an integral part of the elementary body and that it 
functions in the metabolism of the virus obviously constitutes a much larger 
problem It would be a most attractive hypothesis to assume that its pres 
ence there permits the elementary body to divert a certain portion of the 
energy derived from oxidative reactions, begun m the host cell, through its 
own flavin oxidation reduction system, thereby enabling it to live as an obli 
gate parasite So far, no direct evidence can be offered for this point of view, 
except that the presence of flavin ademne-dinucleotide constituent, if upon 
further work it is definitely demonstrated to be an active component of the 
vims, would mdicate that the vims possesses m part a metabolic system akin 
to that of Its host cell 


CONCLUSION 

Suspensions of purified elementary bodies of vaccmia exhibit fluorescence 
in the presence of ultraviolet light This fluorescent constituent can be sep- 
arated by chromatographic methods provided the virus is first denatured by 
acid and heat By means of the specific protein of d ammo acid oxidase it 
has been possible to identify the flavm constituent as flavin adenine dmudeo- 
tide and show that it can participate m the oxidative deammation of d alanme 
By means of microbiological assay the flavm component has been quantita 
tively measured and shown to compare favorably m concentration with that 
observed m animal cells and m some bacteria, its concentration m virus is 
lower than that observed in yeast The demonstration that it exists as an 
integral portion of the vims is not conclusive So far, however, it has been 
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separated from the elementary bodies only by means which m themselves 
mactivate the virus 
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It IS generally conceded that a relatively substantial and lasting immunity 
to poliomyelitis is conferred through invasion of the ner\ous system by active 
virus, nevertheless, well authenticated second attacks of the disease do occur 
both in man and in experimental animals (1-9) This puzzling contradiction, 
which has led some to a denial of the existence of active immunity (1), arises 
m part at least from a lack of precise knowledge regarding the mechanisms 
of immunity production m the disease For a solution of the problem one 
must have recourse to the experimental animal It must be recognized at the 
outset that many strams of pohorayebtis vims do not produce consistent im 
munity against others (2, 4-9) that an animal is resistant to remoculation by 
the same stram of virus is also accepted by most workers (7-11, contra 3) 
At the same time this substantial type of immunity which weathers large test- 
ing doses is thought to be a local one, residing m the central nervous system 
There is a possibihty, however, that such an immunity of the nervous system 
may be further restricted to include only portions of it The following ex 
penments and discussion will show that this is actually the case, which means 
that lunited reaches only of the nervous system may be refractory to one 
stram of virus at a given time 

In the course of a senes of mvestigations dealing with the influence of fiber 
tracts upon the propagation of pohomyelitis virus within the central nervous 
system of the monkey, it became apparent that although certain neurone sys- 
tems were unquestionably highly susceptible to vims, nevertheless they did 
not always suffer visible signs of mvasion (12) These differences m the total 
distribution of virus could be correlated with the portal of entry, and it was 
apparent that there were defimte limits to the spread of virus even dunng a 
severe paralytic attack of poliomyelitis Additional observations on this pomt 
are the subject of the present paper smee the question immediately arose 
whether one mvasion of the nervous system immunized it as a whole, or whether 
some of those portions which were susceptible but did not show lesions might 

* Supported by a grant from the Commonwealth Fund. 
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Still remain susceptible This concept rapidly reduces to the proposition of 
whether a smgle attack of pohomyelitis automatically closes all portals of 
entry 

In order to estabhsh the thesis that one attack of pohomyelitis does not 
immunize the entire nervous system it is necessary to produce paralytic polio- 
myelitis by one portal of entry and then subsequently attempt reinfection by 
a new portal which has not been mvolved in the first spread of the disease 
Experiments designed to elucidate such a pomt are subject to certain limita- 
tions imposed by the fact that the host animal, the rhesus monkey, has only 
one “natural” portal In this animal (contrast the chimpanzee (13)) intact 
skm and mucous membrane furmsh an effective barrier to the entrance of virus 
at every pomt except the olfactory area, which may be regarded as the portal 
of choice for experiments dealmg with immunity Nevertheless when the bar- 
rier of the non-olfactory epithelium is broken and virus is brought into contact 
with any considerable part of the nervous system, infection regularly ensues 
Once virus has gamed access to the neuraxis there is no reason to doubt that it 
IS disseminated through it with the same readiness as though it had been mtro- 
duced through the olfactory portal This bemg the case, it is possible to 
consider various portions of the nervous system as legitimate portals of entry 
which can be employed to induce an mitial attack of paralytic poliomyelitis 

In order to control the second or testmg moculation it is necessary to show 
beyond all reasonable doubt that virus has not been present in the regions of 
the central nervous system which are to be exposed at this time This neces- 
sitates the careful examination of the nervous tissues m many cases Smce 
the olfactory portal was to be used m most mstances for the testing mocula- 
tion, the olfactory bulbs were exammed m forty cases m which routes other 
than the olfactory were employed for the production of paralytic poliomyelitis 
The ciliary ganglia were also studied in seven cases paralysed after mtranasal 
moculation smce the mtraocular route was also to be used for testmg immunity 
m mtranasal convalescent animals All the tissues were exammed m serial 
sections 10 to 20 ji m thickness stamed with gallocyanm after the method of 
Emarson (14) Normahty was determmed by the presence or absence of 
lesions — a method of assay which m respect to a susceptible tissue like the 
olfactory bulb we have come to regard as more sensitive than submoculation 
The first group m Table I is composed of thirteen cases of severe paralysis 
mduced by moculations mto various regions of the cerebral cortex, both mo- 
tor (areas 4, 6, and 8), and sensory (area 5) On examination of the olfactory 
bulbs It was not uncommon to find a shght memngitis at the pial surface which 
was consistent with the presence of a general menmgitis, but no true lesions 
were present m the bulbs except m one questionable case where a large mocu- 
lum nas placed mto one frontal pole It seems very likely that this smgle 
positix e case represented a direct contammation of the olfactory bulbs Fur- 
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thermore m each of t\\ o cases following intracerebral inoculation into area 4, 
the ipsilateral olfactory bulb ^\as sectioned serially while the other was sub 
inoculated intracerebrally into a monkej No lesions were present m the 
sectioned bulbs and there was no indication of active virus in the subinoculated 
ones These findmgs are in complete agreement with those of Sabin and 
Olitsky (15) who after intracerebral, intrasciatic, and subcutaneous inocula 
tion found no lesions in the olfactory bulbs 

The second group m Table I concerns the status of nine pairs of olfactory 
bulbs after mtraocular inoculation Infections of this type run a character 
istic clinical course which has been described elsewhere (12), and it has been 
shown that the virus reaches the brain along the fibers of the autonomic nerv 
ous system The histological picture in the brain indicates an invasion, 
usually vta the ciliary ganglion, which is matimal m the nudbrain and less 
intense m the basal portions of the forebram Although a shght meningitis 
was agam present around some of the olfactorj bulbs of this senes, there were 
no lesions within their substance, mdicatmg that if virus does reach this por 
tal, It produces no reaction m the tissue Also included m this group are two 
cases representmg the moculation of other cranial nerves, the vagus and hypo 
glossus respectively The technique for neural inoculation has been previously 
desaibed (Id) and consists of moistening the cut end of the nerve with virus 
emulsion It has been emplo>ed for all inoculations of this type The am 
mals showed mitial bulbar symptoms and later lunb paralyses Their olfac- 
tory bulbs were histologically normal 

The third group (seventeen cases) is a composite one containing sciatic, 
mtracutaneous, intraperitoneal, and mtraspmal inoculations They are m 
eluded under one headmg since they all represent infections ascending to the 
bram from the spinal cord The Rockefeller MV stram was employed for all 
moculations except the mtracutaneous and intraperitoneal which were done 
respectively with the Wallmgford virus, 17th generation (17), and an etherized 
human stool (18) The mtraspinal inoculations were performed by direct 
piqfire into the cord In every instance but t\\ o (a non paralytic case showing 
cord lesions and a case of leg paralysis only), extensive mvolveraent of both 
arms and legs resulted A number of cases of the ascending type have already 
been described (12) They are characterized by a diminution m the severity 
of the lesions in the rostral portions of the forebram Each pair of olfactory 
bulbs belongmg to this group was histologically normal 

The last control group consists of seven animals which received their m 
oculations intranasally A wide variety of virus strains was used, ranging 
from the MV and Wfd to four different human stools (19) All the annuals 
w ere severely paralysed and their olfactory bulbs showed characteristic lesions 
Sections of liie ciliary ganglia however, revealed no histological abnormalities 
This series thus forms a parallel with those which showed no abnormalities m 
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TABLE l—Conduded 
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the olfactory bulbs after intraocular inoculation, although the portals are 
reversed 

All of the foregoing cases may be regarded as controls for the observations 
which follow They indicate that even m animals suffermg paralytic polio- 
myelitis there are apparent limits to the centrifugal spread of virus in the 
central nervous system It is thus possible with reasonable care to produce 
clinically definite poliomvelitis by a wide variety of routes without the in 
vasion of the first two neurones in the olfactory system It is also clear that 
after olfactory inoculation such far flung portions of the nervous system as 
the ciliary ganglia are not invaded Whether neurone systems more contiguous 
to the pathways commonlj used by virus m the CNS (12) are involved, de- 
pends upon the se\erity of the initial mfeclion, and other unknown factors 
It now remains to demonstrate to what extent virus invasion may take 
place m a convalescent monkey through a previously untouched portal A 
series of nmeteen monkeys has been tested for immunity in this fashion In 
the majority of cases the testmg inoculation was given by the mtranasal route 
for the obvious reason that it should be the one portal where humoral and 
neural sources of immimit> could be expected to cooperate most effectively 
Two possibihties present themselves for the assay of this untouched portal — 
homologous and heterologous strams of vims The results of the tests are 
suramarixed m Table H 

Heterologous Virus Inoculations — Two Portals 
Group A contams three animals, whidi were reinfected with a heterologous 
stram of virus In two of them (9 26, 9 27) the olfactory portal ^vas inoculated 
with MV virus after previous intracutaneous (abdominal skm) and mtra 
cerebral (area 4) moculations with Wfd vims 

No 9 26 Mar 2, 1939 Abdomen cleaned and an area the size of a half-dollar 
scrapedraw but not bleeding m the gross 15cc Wfd 8 18 — 8 19 (17tb generation) 
virus rubbed into this area Mar 6 Repeated. 
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Inoculation of Convalescent Animals 
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Mar 16 Right leg completely paralysed 

Mar 17 Left leg 5 per cent functional (has a (race of Imce jerk — can feebly 
abduct digits) Right leg as before, arms normal 
Apr 18, 19 Extremities as before— climbs actively with arms only Inoculated 
mtranasally Wfd 9 28 (18th generation) Animal and control remamed welL 
May 3, 4 Inoculated fntranasally Wfd 9 28 Animal and two controls remamed 
well 

June 3, 5 Inoculated mtranasally, fresh Wfd 9-66 (18th generation) Anunal 
and two controls remamed well 

June 18, 19 Inoculated intranasally Wfd AM (19th generation) Animal and 
two controls remained well 

July 12, 13 Inoculated mtranasally, fresh MV virus A2 2,* 0 S cc per nostnl 

July 16-21 Dromedary temperature spike 

July 22 Right arm zero function, left arm 10 per cent functional 

July 23 Arms zero — left leg as on Mar 17 

July 25 No change — left leg as before Killed 

Olfactory bulbs — each shows extensive recent invasion There were also fresh 
lesions along with chronic ones throughout the bram 
Summary — An animal with complete paralysis of the ngbt leg and only a few 
muscle fibers functional m the left leg foUowmg mtracutaneous moculation of Wfd 
virus, suffered complete arm paralysis after subsequent mtranasal inoculation of 
MV virus There was no further mvasion of the lumbar cord The olfactory bulbs 
showed extensive fresh lesions 

No 9 27 Mar 2, 1939 Inoculated into motor area of cortex ccrebn with Wfd 
virus 8-18 — 19 (17th generation) 

Mar 8 Temperature 106® 

Mar 12 Extremities m terms of normal strength nght arm zero, left arm 60 
per cent right leg zero, left leg 60 per cent 

Mar 24 Convalescent Gets around without difficulty Arms and left leg arc 
nearly normal Right leg 5 per cent Inoculated mtranasally Wfd 9 28 (18th 
generation) Remained well 

Apr 18, 19 Inoculated mtranasally Wfd 9 28 Anunal and two controls re 
mamed well 

May 3, 4 Inoculated intranasally Wfd 9 28 Animal and two controls re- 
mamed well 

June 3, 5 Inoculated mtranasally fresh Wfd 9-66 (18th generation) Anunal 
and two controls remamed well 

June 18 19 Inoculated mtranasally Wfd Al-4 (19th generation) Animal and 
two controls remamed ^ell 

July 12, 13 Inoculated 0 5 cc per nostnl fresh MV A2 2 
July 17 18 Temperature 106^® 

July 20 Weak and uncertain — barely able to climb 

^ MV virus has been consistently used as a 20 per cent cord emulsion 
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July 22 Still barely able to climb Right arm 50 per cent, left arm 30 per cent 
left leg 50 per cent Killed 

Olfactory bulbs — recent maximal invasion left, patchy invasion right 
Summary — ^An animal showing extensive paralysis follownng an intracerebral 
inoculation of Wfd virus, made a good convalescence except for an almost com- 
pletely paralysed right leg Following subsequent intranasal inoculation with MV 
virus it developed fever, and paralysis m the arms and left leg The olfactory bulbs 
showed extensive recent lesions and there were fresh lesions as well as chronic ones 
throughout the bram 

The remammg animal m Group A was remfected by the mtraocular route 
foUowmg an origmal olfactory infection 

No A4-5 Oct 13, 14, 16, 17, 1939 Received 1 cc per nostril of human stool 
Oct 20-23 Temperature 106 8° 

Oct 24 Extremities m terms of normal strength Right leg 20 per cent, left 
leg 10 per cent, arms 100 per cent, stiU dimbmg 

Nov 30 Gets about actively — biopsy of motor cortex shows characteristic lesions 
Feb 8, 9, 10 Arms stronger than previously — legs useless though some move- 
ment IS possible Inoculated intranasally 1 cc per nostril MV A7-7 

Feb 13, 14 Temperature up 2° from level base hne — no other reaction Three 
of four controls paral>sed 

Feb 20, 21, 23 Inoculated mtranasally 0 5 cc per nostril MV A8-2 — no reaction 
Two controls paralysed 

Mar 18 0 1 cc. Wfd A6-2 injected into vitreous of left eye 

Mar 25 Temperature up 1 5° — no other reaction Control paralysed 

Apr 5 Symptomless Killed 

Pathological findings Supenor cervical ganglia normal Right ahary ganghon 
normal Left ciltary ganghon showed many foci of lymphocytic vifiltralion and a pos- 
sibly ciiffed vessel (Fig 1) The olfactory bulbs showed relatively fresh lesions 
Summary — ^An animal convalescent from an intranasal moculation of human virus, 
reacted to subsequent mtranasal inoculation of M\'^ virus with fever Following 
mtraocular moculation of Wfd virus there was sbght fever but no further paralysis 
The appropnate ciliary ganghon, however, showed lesions 

The foregoing cases show clearly that a highly virulent virus such as the 
Rockefeller MV stram is capable of almost completely overndmg any im- 
munity mduced by a relatively weaker strain such as the Wfd if it is mtroduced 
by a previously umnvaded portal The smgle case, A4-5, would indicate that 
the hlV \nrus probably “took” m the already extensively invaded olfactory 
bulbs and that the first neurone of the mtraocular portal was still susceptible 
to a third less virulent stram of virus, the Wfd Kessel and Stimpert (7) 
found that a mil d stram moculated mtracerebrally was also capable of pro- 
duemg further paralysis in an animal convalescent from a virulent stram pre- 
viously given by the mtracerebral route 
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Bovwlogom Virus Inoculations — Two Portals 
Group B IS concerned with nine tests of immunity by the inoculation of 
the same virus strain tlirough previously unmvaded portals This group falls 
mto iwo categories, that in which two surgically isolated portions of the CNS 
were inoculated (three animals) and that in which the intact animal was used 
(six animals) 

The jfirst category contains three spmal animals which were inoculated be- 
low their transactions, subsequently showed signs of poliomyelitis m both legs, 
and after a 26 to 34 day interval were remoculated intranasally Two reacted 
as though they had never been m contact with virus and became completely 
paralysed above tlie transection The protocols are given below 

No A9-3 Jan 10 1939 Spinal cord transected at lower level of Tp — ^muscle 
and fascia inserted between cut ends 

Jan 22 Inoculation of 0 4 cc, MV A2-3 m two piqOres mto lumbar enlargement 
Jan 23 Knee jerks no longer present on cither side 

Feb 17 Animal in excellent general condition despite several decubitus ulcers 
over malleoli and pelvic bones Very active and aggressive despite transection 
Inoculated intranasally 0 5 cc per nostril with MV virus on this day, and also Feb 
18, 19, 21, 23 with MV A7 7 and A8-2 
Feb 23 Control paralysed 
Feb 27 Control paralysed 
Mar 1 Very tremulous— arras still strong 

Mar 2 Arms 20 per cent functional — unable to support animal m sittmg post 
tion Killed, 

Pathological findings Spinal aird at L*-t shows loss of practically all cells m grey 
matter The process is an old one The cervical cord shows extensive fresh lesions 
Olfactory bulbs show heavy recent invasion on the left, light invasion right 

Summary — An animal in which the spmal cord was transected was inoculated wnth 
MV vims intraspinally 12 days later below the transection Knee jerks were lost 
but no signs of pohomyehtis developed in the arms 26 days later the animal was 
moculated mtranasally mth MV virus It became paralysed above the transection 
The lumbar cord showed old lesions, the cervical cord and olfactory bulbs fresh ones 

No A9-6 Jan 11, 1940 Spmal cord transected at T* Muscle and fasaa 
mserted between cut ends 

Jan 26 Lumbar enlargement moculated 1 5 cc. MV A2-3 knee jerks and ankle 
jerks active 

Jan 29 Knee jerks + ankle jerks absent 

Feb 29 Animal m excellent condition AcUve and aggressive— arms very 
strong — shown no signs of pohomyehtis above the transection Inoculated this 
day and Mar 1, 2 intranasally with 0 75 cc. per nostnl ilV vims (A8-2 A7 7 8-38, 
9*05 pooled) 

Mar 5 Temperature has risen from 103 to 106.2® 

Mar 7 Control paralysed 
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Mar 10 Weak and tremulous 

Mar 11 Both arms 30 per cent functional, head tremor Killed 

Pathological findmgs Spinal cord at Lg shows extensive old lesions wipmg out 
practically all grey matter Cervical cord, moderately heavy fresh lesions Right 
olfactory bulb, heavy recent mvasion Left olfactory bulb, penvascular cufhng only 

Summary — ^An animal in which the spmal cord had been transected was moculated 
directly with MV virus into the lumbar cord 15 days later Pohomyehtis resulted 
as evidenced by loss of leg reflexes and lesions m lumbar cord, but the animal re- 
mamed symptomless above the transection 34 days later mtranasal moculation of 
MV virus resulted in arm paralysis Fresh lesions were present m the olfactory 
bidbs and cervical cord 

No A9-9 Jan 12, 1940 Spmal cord transected at To Muscle and fascia mter- 
posed between cut ends 

Jan 25 Removal of right sympathetic gangha at Tg e lo 

Jan 29 Removal of left sympathetic gangha at Tg o lo Inoculation of cord 
m lumbar enlargement 0 3 cc MV A2-3 

Jan 31 Knee jerks and ankle jerks present 

Feb 4 Temperature has risen from 102 4° to 105 8° Has low grade infection 
of inasion but is active and alert While bemg earned for treatment had attack of 
syncope 

Feb 7 Control paralysed 

Feb 11 Has been lying down Both arms are weak and the left hand has prac- 
tically no grasp Virus has entered the cervical cord and probably the medulla® 
{cf fever and faintmg spell of Feb 4) 

Feb 23 No change Inoculated mtranasally on this day and Mar 1, 2 with 
MV A8-2, A7-7, 8-38, 9-05 — 0 075 cc per nostril 

Mar 13 No reaction of any sort (Controlled by A9-3 and A9-6 ) Attempt 
to remove olfactory bulbs by biopsy abandoned and anunal killed 

Pathological findings Lumbar cord showed extensive old lesions The medulla 
and midbrain contained lesions which were lighter m the latter, indicatmg an as- 
cendmg infection The olfactory bulbs were badly traumatized so that accurate 
examination was impossible They contamed no heavy lesions but there were some 
questionable mfiltrations 

Summary — ^An animal m which the spmal cord was transected and the sym- 
pathetic chains bilaterally mterrupted at the same level was moculated mto the cord 
with MV virus below its transection IS days later It subsequently developed arm 
paralysis and showed symptoms referable to a disturbance of the medulla Fol- 
lowmg mtranasal moculation of MV virus 31 days subsequently it remamed symptom- 
less There were very questionable lesions m the olfactory bulbs, but old lesions 
m the cervical cord and medulla 

In the foregoing cases there is no reason to question the first attack of 
jxibomyehtis followmg cord piqfire The lesions present m the lumbar cord 

® Progression of virus around a transection of the spinal cord has occurred m eight 
of eleven animals (44) 
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could not have been caused by indirect traumatic or vascular injury madental 
to the cord transection The fact that tendon reflcTCS were present until a 
few days after inoculation rule? out this possibility Furthermore the obvious 
chronicity of the lesions with respect to those m the olfactory bulbs and cer 
vical cord indicates that two separate invasions must have taken place The 
presence of lesions m the olfactory bulbs removes the possibility that the 
animals suffered merely an exacerbation of their original disease Whether 
the longer incubation periods as compared with the controls indicate a certam 
degree of immunity cannot be determined from the limited material at hand 

The olfactory portal was deliberatel> chosen for the testmg inoculation be 
cause It seemed more physiological than the mtraccrebral route The amounts 
of VITUS given mtranasally were no doubt excessive, but in the case of the 
second animal (A9 6) no more than that usually employed for a routine m 
oculation where success must be definitely assured The relativity of immunity 
with respect to the dosage which can be tolerated has been brought out by 
Toomey (4) who reported numerous second attacks in previously paralysed 
animals following large mtracerebral inoculations of homologous virus Never- 
theless when extensive virus dissemination has taken place, the anunal may 
show no paralysis after large doses of the infective agent admmistered mtra 
nasally (2, 20) This point is illustrated also by A9 9 which did not succumb 
to a second infection and will become dearer m the light of the cases which 
follow 

Retummg to Table II it will be seen that the second category of homologous 
moculations employmg two different portals of entry deals with two groups 
of intact animals 

Risuml of Hutonts of AmmaU Conraiescent FoUounng Intraocular or Intracerebral 
Inoculations and Ranoculi^ed Intranasally — 

No A1 17 Mar 18, 1940 Received 0 I cc. Wfd A6-2 (ISth generation) into vit 
reous of left eye 

Mar 25-27 Fever, followed by partial paralysis of left arm and leg 

May 22-24 Extremities in terms of function Arms 100 per cent, nght leg 80 
per cent, left leg zero Inoculated 0 5 cc. per nostnl Wfd A6-2 

June 6 No reaction to inoculation Killed Two controls paralysed 

Pathological findmgs Ciliary ganglia show no characteristic lesions (nearly 3 
months after intraocular inoculation) The olfactory bulbs show extensive recent 
lesions (Fig 2) 

Summary — See Table II, Group B 

No Al-35 Mar 29, 1940 Received 0 1 cc. Wfd virus A6-2 (ISth generation) 
mto vitreous of left eye 

Apr 7 For several days has had bilateral ptosis, disappearing on exQtement and 
gradually mountmg temperature which today reached 105 8® 
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Apr 13 Prostrate Extremities in terms of function right arm 30 per cent, 
left arm 10 per cent, legs zero 

May 22, 23, 24 Can pull himself into sitting position Right arm 40 per cent, 
left arm 20 per cent Legs zero except for feeble toe movements Inoculated intra- 
nasally 0 5 cc per nostril Wfd A6-2 

June 12 Temperature has been more irregular than before the last inoculation, 
but the arms have gained steadily in strength so that the animal is now able to climb 
all over the cage No change in legs Killed (Control paralysed ) 

Pathological findings Right cihaiy ganglion normal, left ciliary shows one cuffed 
vessel and two areas of lymphocytic infiltration Olfactory bulbs show extensive 
recent lesions of the same character as those of the control (Fig 3) 

Summary — See Table II, Group B 

No Al-34 Mar 29, 1940 Received 0 1 cc Wfd virus A6-2 into vitreous of 
left eye 

Apr 6 Temperature 105 4° Tremulous — bilateral ptosis 
Apr 8 Slight bilateral ptosis All extremities 60 per cent functional 
May 22, 23, 24 In excellent condition — runs and chmbs without difficulty 
Extremities in terms of function left arm 100 per cent, nght arm 80 per cent, left 
leg 100 per cent, right leg 70 per cent Inoculated mtranasaUy 0 5 cc per nostril, 
Wfd A6-2 

June 11 Has shown no reaction of any sort Killed (Two controls paralysed ) 
Pathological findings Right ciliaiy ganglion normal, left ciliary ganglion shows 
cuffed vessel Olfactorj' bulbs normal (Fig 4) Control bulbs show extensive 
lesions 

Summary — See Table H, Group B 

No Al-74 Chimpanzee Dec 6, 1940 Inoculated into motor cortex with 0 5 
cc cord emulsion from chimpanzee A8-3 

Dec 10 Temperature elevated from base line of 101° to 104 8° 

Dec 13 Temperature dropping — weakness of left arm — clumsy and listless 
Dec 16 Left arm useless, right arm about 20 per cent functional — barely able 
to pick up food Legs 40 to 50 per cent functional 

Feb 7, 1941 Because of pulmonary tuberculosis animal was anesthetized with 
nembutal and reinoculated mtranasaUy with the same specimen of virus previously 
employed, 0 5 cc per nostril, on Feb 7 and 8 Premoculation physical examination 
showed considerable recovery Left arm shoulder 15 per cent, biceps 20 per cent, 
triceps 10 per cent, grasp 10 per cent, tendon reflexes aU easily obtained but very 
feeble Marked muscular atrophy of upper arm Right arm shoulder 25 per cent, 
biceps 40 per cent, tnceps 20 per cent, grasp 25 per cent in fingers only, thumb zero 
Tendon reflexes all bnsk but not forceful Uniform muscular atrophy Legs es- 
sentially normal 

Feb 14 Despite tuberculosis twice dady temperature records showed a fairly 
steady base hue at 101 5° Temperature began to dimb on Feb 10 reaching 102°, 
and on Feb 14, 103° The next day it dropped to 101° 

Feb 17 Right arm reflexes hyperactive— grasp 5 per cent m finger, thumb 0 
(W^eaker than on Feb 7) Intranasal rAesitr control show ed hght paralysis 
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Feb 20 Left arm biceps 20 per cent, triceps 2 per cent (triceps reflex now vcr> 
feeble and difficult to get) grasp 10 per cent, flexion at wrist 20 per cent Right arm 
biceps and tneeps 10 to 15 per cent, flexion at wrist 20 per cent, grasp 2 per cent 
Reflexes all obtamed Legs as before Killed 

Pathological findings There were fresh lesions m both olfactor> bulbs (Fig 5) 
The cervical cord (Cr and Cj) showed extensive lesions but it ivas impossible to be 
sure that any were of recent ongin 

Summery — A chimpanzee which was extensively paralysed folloiving an intra 
cerebral inoculation into the motor cortex was remoculated intranasall> 7 weeks 
later There was a slight but definite febrile response to the second inoculation and 
mcrcased weakness in certain portions of the arms Microsojpic sections showed 
fresh lesions in the olfactory bulbs, though a new process could not be estabhshed m 
the cervical cord (Fig 5) 

Risumi of Htstortes of Antmah Convalesctnl Follmmg Intranasal Inoculaltan and 
Retnocidated Inlraoctdarly — 

No Al-07 Feb 13,14 15,1940 Inoculated mtranasally as a control for chim 
panxee AI-05 Received 1 cc. per nostril per day of a pool of slx potent human 
stools (17) 

Feb 18 Temperature lOd 4® 

Feb 25 Completely prostrate Right leg and tail still 10 per cent functional 
Neck strong and cranial nerves intact 

Mar 25 The animal is incontinent of unne and completely paralysed except for 
the tail, head neck and diaphragm There are great muscular atrophy and decubitus 
ulcers over the trochanters which have been arrested by keeping him face down over 
an inflated automobile inner tube Received 0 1 cc of Al-05 virus (chunpanzee for 
which he was control) mto vitreous of left eye. 

Apr 17 Has showm no reaction attributable to second moculation Killed 
(Control paralysed lesions m left ciliary ganghon ) 

Pathological findings Right ciUary ganglion nonoal left ciliary ganghon shows two 
rather large cuffed vessels at Us margin and focal accumulations of round cells withm 
It (Fig 6) Olfactory bulbs show definite old lesions but much of the debris has been 
cleared up 

Summary — See Table n, Group B 

No A1 12 Feb 26-29, Mar 1 1940 Inoculated mtranasally (1 cc. per nostril) 
stool of chimpanzee Al-05 
Mar 4 Temperature 105 6® 

Mar 9 Prostrate — no function in arms and legs 

Mar 25 Completely paralysed except for head, neck, diaphragm, and tail — 
marked muscular atrophy and contracture Received 0 1 cc. chimpanzee virus Al'05 
mto vitreous of left eye 

Mar 27 Temperature up from base Ime of 102® to 104 Eye red hd swollen 
Mar 28 Eye more red— lids swollen, exudate Temperature normal 
Mar 29 Eye much better, still opaque but bds nearly normal 
Apr 8 Found dead Had showm no dinical signs of pobomyehtis although 
control came down 1 week previously 
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Pathological findings Ciliary gangha normal Bulbs show old lesions 
Summary — See Table n, Group B 

The foregoing senes of cases shows a second mvasion of homologous virus 
mto a new portal m four out of the six In only one mstance was this “second 
attack” accompanied by any dmical manifestation There is a suggestion 
that some of the cases of second paralytic attacks followmg intracerebral in- 
oculation reported by Toomey (3, 4) fall into a category intermediate between 
our spinal animals and these which had no further paralysis Some of 
his animals which were convalescent from subserosal and mtrasaatic inocula- 
tions showed httle resistance to paralysis from relatively small intracerebral 
inoculations This state may have been favored by a light dissermnation of 
virus from the spmal cord rostrally mto the bram In the present instance it 
seems fairly clear that the virus was not effective at any pomt beyond the 
convergence of the pathways from the new portal \vith those in the bram which 
had already been mvaded The difficulty of estabhshing the existence of 
fresh lesions in the bram discouraged attempts m this direction, but it is not 
impossible that the virus made further advances without producing symptoms 
It would be desirable to repeat the experiments with a series of lightly paralysed 
convalescent animals m an effort to quantitate the amount of invasion neces- 
sary to prevent further paralysis from a given testing dose 
A suggestive case of this sort is found in a chimpanzee A4-8, which received 
by stomach tube 25 cc of supernatant fluid from a pool of six potent human 
stools On the 6th day followmg moculation his temperature rose from a 
base Ime of 101-102° to 104 4° No other abnormabties were noted but a 
lumbar puncture was not done The animal subsequently was given 70 cc of 
the same pool by stomach tube without further reaction 8 months later he 
contracted a partial left facial paralysis after receiving 2 cc of the same stool 
pool by mouth on 3 successive days The lesions were sharply localized to 
the medulla, centermg about the nuclei of the LT fifth and seventh nerves (42) 

Homologous Virus Inoculations — Parallel Portals 

Table IT, Group C, mdicates the findings m a small series of anunals which 
are regarded as suggestive that moculation of one olfactory bulb leaves the 
other susceptible to subsequent mvasion We shall give a lesume of the 
histones and advance an interpretation for what it is worth — possibly not a 
great deal m view of the nature of the problem and the few cases available 
Eight animals were moculated mto the right nostril with a single instillation 
of 0 5 cc of a very virulent chimpanzee stool All subsequently became para- 
1^'sed (two w ere prostrate, one almost helpless, and the rest ambulatory) The 
two prostrate animals and one other were killed immediately as controls 
6 weeks later the nearly helpless animal had to be killed The olfactory bulbs 
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of these four animals nhich ser% ed as controls were etammed m serial sections 
Three showed unilateral lesions 3 months later the four remainmg animals 
•were inoculated as before, but into the left nostril with 0 5 cc of stool from 
the same specimen previously employed Withm a w eek three of the animals 
showed fever between 101 8° and 106° but there was no extension of paralysis 
over a 2 week observation period, although one control became prostrate 
Examination of the olfactory bulbs revealed bilateral lesions m every case, — 
a ratio differing markedl> from that of the controls It was thus strongly 
suggested that m the twice inoculated animals two separate mvasions had 
taken place, the first through the right olfactory bulb, resulting m paralysis, 
and the second via the left, producing fever and lesions on this side Perhaps 
the most confusing aspect of the whole problem was connected with the age 
of the lesions m the bulbs There were available several pairs of olfactory 
bulbs from 2 to 3 month convalescent animals inoculated with various strains 
of virus and one bulb of a 6 week convalescent animal from the scries in ques 
tion These indicated that inflammation is resolved relatively rapidly m the 
olfactory bulb, so that m 6 to 8 weeks little is left beyond remnants of cufl&ng 
in the marginal fiber layer and diffuse gliosis of the molecular and glomerular 
layers Rod cells are no longer abundant at this stage and the mitral cell 
losses merely appear as vacanaes m theu* respective layer In the olfactory 
bulbs of the remoculated convalescent animals it was not surprising to find 
massive cuffing with fresh neuronophagia and cellular infiltration on the side 
inoculated last, but to find these changes bilateral in two cases was totally 
unexpected Since the senes did not provide control material of the exact 
age of the bulbs m question, one can do little more than hint that fresh m 
vasion had taken place on the side of first moculation as well as on that in 
oculated more recently It is hoped that further study will clarify this very 
important pomt 

Eomologmts Vtms Inoculations— One Portal 
It is generally true that m the monkey a paralytic attack of poliomyelitis 
followmg mtracerebral or mtranasal moculation protects agamst paralysis 
from any but massive moculations of the same ■virus by the same portal (3, 4, 
7-11) Nevertheless, there are several nuances of this apparent fact which 
are worthy of consideration For example one intracerebral moculation is 
taken as the equivalent of another, but this is not necessarily true, since virus 
does not distribute itself uniformly through the entire cortex This factor is 
probably of no practical importance as regards the immunizing and testmg 
moculations usually employed m the laboratory, since the overwhelmmg quan 
titles of virus used ensure wide dissemination throughout the bram How 
ever, it is conceivable that carefully controlled experiments closer to the 
monke/s threshold of susceptibility might reveal that two mfections could 
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take place from cortical areas possessing different projection pathways, or 
even through a smgle olfactory bulb This becomes a more realistic possibility 
when one considers human mfections which may well occur from gmap quan- 
tities of virus entermg the CNS on different occasions 

Heterologous Inoculattons — One Portal 

Several investigators attest the lack of unmumty which mtracerebral or 
mtranasal inoculation of one stram may confer to another inoculation of a 
different stram (2, 4-9, 23) 

A good illustration of this phenomenon is seen in monkeys Al-76 and Al-73 
These animals both received mtranasal moculations of the same pool of human 
stools They were both paralysed to about the same degree but remamed 
ambulatory despite mvolvement of all extremities 2 months after paralysis 
was first noted Al-76 received three daily mtranasal moculations of MV virus 
(0 5 cc per nostril) The temperature went up to 107° on the 4th day and 
remamed elevated m a dromedary spike for 1 week Toward the end of this 
period the animal became so weak that it was barely able to climb Examma- 
tion of the olfactory bulbs showed massive invasion on both sides (Fig 7) 
The olfactory bulbs of Al-79 which was allowed to hve for the same period 
showed almost no lesions though many imtral cells had disappeared Fig 8 
was taken from an area in one bulb which represented the maximal changes 
It does not even approximate in severity the lesions found m the animal suffer- 
ing the second attack 

Some virus strains appear to have a marked ability to override previous 
immunity, but accordmg to Kessel and Stimpert (7), this is not a property of 
their virulence It is agam not unlikely that many animals which do not 
show additional paralysis may nevertheless suffer extension of lesions A case 
m point IS monkey A4-5 which has already been listed in Table 11, Group A 
The animal was given an mtranasal inoculation of human stool which resulted 
m almost complete leg paralysis 4 months later it received three daily mtra- 
nasal moculations of MV virus On the 6th day following the first of the 
second series of inoculations its temperature rose from a steady base Ime of 
102° to 105° and remamed between 105° and 106° for 3 days There was no 
visible extension of paralysis, and the animal was subsequently given an mtra- 
ocular moculation of Wfd virus to which it reacted with a slight temperature 
delation It was killed 2 months after the mtranasal inoculation of MV 
virus, and 6 months after its origmal mtranasal moculation The olfactory 
bulbs showed relatively fresh lesions which could scarcely have been present 
for 6 months Flexner (2), and Lennette and Gordon (8) have recorded 
sunilar cases of animals which have suffered two paralytic attacks after two 
success^ e series of heterologous mtranasal moculations 

It now remams to consider the possible immunizmg effects of vmis which is 
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brought into direct contact ^ith peripheral nerve axones but which does not 
produce a temperature reaction or any other sign of disease m the animal 
This situation was encountered m six monkeys which remamed symptomless 
follow mg the moistenmg of the cut end of one sciatic nerve m a virus emulsion 
of demonstrated potency Infection did not result because the neurones m- 
volved had been rendered temporarily refractory by repeated previous section 
of the nerve (41) The present point concerns the fact that probably every 
axone m the sciatic nerve was brought into protoplasmic contact with active 
virus, and that the transient state of resistance m the nerve thus permitted 
a much more extensive contact between virus and nerve tissue than would 
have been possible m the intact animal The whole procedure might be con- 
sidered as a sort of supervaccmation of the nervous tissue together w ith a. 
considerable amount of contact between the virus and the subcutaneous tis 
sues Nevertheless there was no evidence of virus proliferation 

Several weeks after this tj’pe of “vaccmation” the animals were found 
readily susceptible to infection Two became paralysed after the drastic pro- 
cedure of exposing the opposite sciatic nerve to virus, but the rcmainmg four 
were severely paralysed following routme mtranasal moculations Further- 
more there was no mdication of increased resistance m the cells which had 
been in contact with virus The senes suggests that no general immunity 
results without overt virus activity 

DISCOSSION 

The experiments just reported are not concerned primarily with humoral 
antiviral factors Neither laboratory workers nor clinicians can agree on the 
r61e of serum antibodies m immunity to poliomyelitis (20-33) At best the 
degree of protection afforded by various methods of vaccination agamst mtra- 
cerebral or mtranasal inoculation is slight Many of the observed mconsist 
encies may result from the fact that humoral protection and antibody titer 
vary not only from one mdividual to another but also m different tissues The 
tests for immunity usually employed m the rhcstis monkey have not brought 
out these subtle but important differences It has been assumed throughout 
our own experiments that in each mstance a more than adequate antigenic 
stimulus must have been provided by the first attack of poliomyelitis and that 
circulatmg antibodies were present Nevertheless despite the fact that the 
mtranasal portal was used for the testmg of immunity, it is possible that no 
opportunity was provided for the participation of humoral factors, smee this 
type of inoculation brings virus mto very mtimate contact with nervous tissue 
m which it is rapidly fixed and thus removed from the action of antibody (43) 
Such a situation has been imavoidable because of the limitations imposed by 
the use of the rhesus monkey whidi can be infected readily only by direct 
neural or mtranasal inoculation In all probability these experiments have 
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been dealing primarily with a type of local immunity which appears to he 
largely a function of actual contact between virus and susceptible nerve cells 
(34) They have defined more clearly than heretofore the character of this 
immunity, showmg it to be determmed by the movements of virus along nerve 
fiber pathwa)^ To what e-ictent it may be modified by humoral factors is 
not at the moment apparent Very dehcately graded tests of the immunity 
of the central nervous sj^tem will be required to demonstrate such a relation- 
ship 

It is by no means clear how much of the experimental work on rhesus mon- 
keys can be applied to the problem of immunity to poliomyelitis in man 
There is httle doubt that most individuals do acquire an effective immumty 
with mcreasmg age and epidemiological evidence favors the idea that this is 
produced by contact with active virus, rather than by mere physiological 
maturation or other metabohc factors The concept of “abortive” pohomye- 
htis as an immumzmg agent, however, is based chiefly upon the postulate of 
a general immunity of the CNS produced by a limited mvasion of virus from 
a smgle portal of entry Actually nothmg is knmvn concernmg the amount 
of mvasion which may take place m human abortive and non-paralytic forms 
of poliomyelitis or their antigenic effects Our own findings suggest that as 
regards the central nervous system an immunity of this type nught not be 
very substantial since its influence probably would be restricted to the region 
of immediate exposure Recent studies of human pathological material pomt 
mcreasmgly to the utilization of several portals of entry m man (35-40), so 
that m order to produce effective immunity an antecedent attack must con- 
ceivably dose a variety of portals leadmg to the neuraxis along various periph- 
eral nerves At the moment one can do no more than speculate on the means 
by which this might be accomplished 

There is no reason to believe that the central nervous systems of man and 
the rhesiis monkey differ fundamentally m their reaction to poliomyelitis virus 
The outstandmg disparities between these two forms relate to the portals of 
entry Thus the monkey, m which practically the entwe nervous system is 
susceptible to virus, presents a very restncted portal of entry, the olfactory 
area In this animal, however, it has been shown that paralytic pohomye- 
htis does not necessarily dose this portal “from within” and that a second 
attack, whether paralytic or not, seems to depend upon the strains of virus 
used and the degree to which virus was dissemmated through the neuraxis 
durmg the first exposure The dosure by an abortive attack of mttlhple 
portals of entry from withm would therefore present even greater complica- 
tions, mvolvmg extensive dissemmation of vurus m the neuraxis without the 
production of paralysis It thus seems more logical to condude that such 
immimity as can be demonstrated m the rhesus monkey by mtracerebral m- 
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oculation has little bearing upon the problem of human immunity and that 
the immunity which is presumably produced by subclmical vims activity 
m man comes by the closure of the portals from without, either through the 
partiapation of humoral factors, or not inconceivably by alterations m the 
mucous membranes or other barriers against the entrance of vims into the 
nervous system 


SUMMARY 

1 It was found in forty rhestts monkeys that intracerebral, mtraocular, 
mtracutaneous, mtrapcntoneal, mtraspinal, and neural moculations of poho 
myelitis vims produced no lesions m the olfactory bulbs despite the fact that 
the anunals contracted pronounced paralyses This indicated that the vims 
could be restricted to certain neuronal systems 

2 Similarly mtranasal inoculation of seven animals produced no lesions in 
the ciliary ganglia 

3 Two monkeys convalescent from an mtracutaneous and an mtra 
cerebral moculation respectively had further paralyses after mtranasal m 
oculation of heterologous virus A third animal convalescent from an mtranasal 
inoculation showed extension of lesions after mtranasal and mtraocular inocu 
lation with heterologous virus 

4 Two spinal animals in which an attack of pohom>elitis was limited to an 
isolated segment of spinal cord, contracted typical paralyses m the previously 
immvaded portions of the CNS foUowmg mtranasal moculation of homologous 
vims 

5 Four of SIX convalescent monkeys shoiNed extension of lesions but no 
chntcal signs after homologous virus moculation through a previously un 
mvaded portal 

6 Four animals convalescent from a unilateral mtranasal moculation showed 
evidence of new mvasion m the opposite olfactory bulb but no extension of 
paralyses foUowmg a second mocubtion of homologous virus into the appro- 
priate nostril 

7 Two animals had second attacks after heterologous second mocula 
tions The mtranasal portal was employed for both exposures 

8 It thus seems apparent that in the rhesus monkey a second attack of 
poliom> elitis, whether paralytic or not, seems to depend upon the strains of 
virus used and the degree to which vims is dissemmated through the neuraxis 
during the first exposure 

9 The above experimental data emphasize the difficulty of utilizmg the 
rhesus monkey for experiments seeking to elucidate the mechanisms of im 
munity m man and suggest that human immunity to poliomyelitis does not 
result from immunization of the nervous system but rather is the result of some 
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process which prevents infective quantities of active virus from reachmg 
nervous tissue 
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EXPLANATION OF PLATES 
Plate 7 

Fig 1 The left cihary ganghon of A4-5, an intranasal convalescent monkey which 
was subsequently inoculated into the vitreous of the left eye with heterologous 
virus Note lymphocytic foa which are the characteristic of virus invasion in this 
tissue 

Fig 2 Olfactory bulb of AI-17, a convalescent from an mtraocular moculation. 
subsequently given homologous virus intranasally Compare with Fig 4 which 
shows a normal olfactory bulb Note dense cellular infiltration and complete loss 
of mitral cells X 60 

Fig 3 Olfactory bulb of AI-35, a convalescent from an intraocular inoculation 
subsequently given homologous virus mtranasally Note heavy penvascular cuffing- 
and areas of neuronophagia m mitral cell layer X 60 

Fig 4 Olfactory bulb of A1^4 Treated as m the above cases Al-17 and A1-3S 
but showing no lesions Note normal appearance of mitral cells in their respective 
layer and the acellular character of the molecular layer X 60 







Plate 8 

Fig 5 Olfactory bulb of chimpanzee Al-74 The animal was convalescent from 
an intracerebral inoculation and subsequently received homologous virus intra- 
nasally Note clumps of phagocytes (designated bv arrows) surrounding scattered 
mitral cells in the molecular layer X 60 

Fig 6 Left ciliarj ganglion of Al-07, a convalescent from an intranasal inocula- 
tion subsequently receiving homologous virus in the vitreous of the left eje Note 
focus charactenstic of invasion in this tissue X 60 

Fig 7 Olfactory bulb of Al-76, a convalescent from an intranasal inoculation 
subsequently receiving heterologous varus by the same portal Note the massive 
character of the invasion Compare with control (Fig 4) X 60 

Fig 8 Olfactory bulb of Al-79, a convalescent from an mtranasal inoculation 
It received the same virus as AI-76, suffered approximately the same amount of 
paralysis, and lived the same number of day's, but receiv'ed no second inoculation 
The cuffed vessel represents the maximal amount of change which could be found 
in the olfactory' bulbs after this penod of convalescence X 60 
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During the past 80 years there have been many reports of perfusion studies 
of human kidneys (1, for literature, 2, 3) As a rule the kidneys ^\ere per 
fused as soon as possible after death, with rvater, serum, saline, or acacia solu 
tion The observed rates of flow, at 100 mm Hg, were from 1 to 2 5 cc per 
gm per mmute in normal kidneys Correcting for differences m viscosity of 
the solutions used, these studies suggest a possible blood flow of less than 150 
cc (3) to as much as 400 cc (2) per mmute for the kidneys of an adult WTiiIe 
this seems high m relation to blood flow m the arm during mtense hyperemia 
(about 0 6 cc per gra per minute) it is less than one third the blood flow 
through the kidneys durmg life as estimated by diodrast clearance (4) 

The growmg interest m renal vascular disease as a possible cause of arterial 
hypertension makes it highly desirable for pathologists to have available direct 
measurements of the renal vascular bed as well as morphologic studies of the 
large and mmute vessels A satisfactory method must yield values com 
parable with those obtamed in similar groups of cases by diodrast clearance 
In postmortem material it is obviously impossible by perfusion to duplicate the 
flow durmg life, but by proper preparation of the specimens the maximum 
carrymg capacity of the vessels can be measured 

Methods 

To measure the maximal rate of flow it is necessary to allow rigor of the 
blood vessels to pass off, or to break it up by perfusion at high pressure, but 
such procedures hasten the rate of edema formation m the tissues and the ves- 
sel walls To avoid the decline m flow consequent on edema formation we 
have used an oil rather than a watery solution With this techmque rates of 
flow as high as 10 cc per gm per mmute, at 100 mm Hg were obtamed m 
young adults although the fluid used, kerosene, has twice the viscosity of salme 
Correcting for relative viscosity this method yields figures for possible blood 
flow well above those obtamed by diodrast clearance in people of the same age 
group 


167 



168 


RENAI. VASCOT-AR BED CAPACITY IN HYPERTENSION 


In most mstances but one kidney was used, but only if the other was comparable 
in weight and structure In IS hypertensive cases both kidneys were perfused The 
kidney, perirenal fat, renal vessels, and half of the aorta were removed en bloc, and 
the renal arteiy or arteries cannulated through the aortic ostia The largest possible 
snug fittmg thin walled metal cannulae were used, these ranged from 2 to 4 7 mm in- 
side diameter Occasional accessory vessels were cannulated with 1 mm cannulae 
Heavy clamps were apphed on the penrenal fat, and small leaks were caught with 
hemostats while perfusmg with kerosene at 200 mm Hg A pneumatic pressure 
system was used which main tamed constant pressure durmg perfusion, as shown by a 
mercury manometer Neoprene tubing was not altered after months of exposure to 
the oil The flow from the system with no organ m the circuit was 5100 cc per 
mmute at 100 mm Hg with the largest, 1500 cc per mmute with the smallest cannula 


TABLE I 



Flow of 
kerosene at 
100 mm Hg 
pressure 

Kidney 
weight 
total for 
body 

Mean blood 
pressure 

(S4-D)/2 

Possible 
renal blood 
flow** 

*Cor 
reeled' ' 
blood fiow 


cc fgm imtn 

fm 

mm Eg 

cc fmin 

cc fm\n 

Normal individuals, 18-32 its 

8 3 

370 

97 

2080 

2960 

Normal individuals, 46-60 yrs 

5 7 

390 

99 

1580 

1950 

Normal individuals, 61-68 yis 

5 7 

310 

101 

1250 

1500 

Hvpertensives, 38-60 yrs 

5 2 

3S0 

158 

2010 

2440 

Hypertensives, 61-84 yrs 

4 3 

304 

ISO 

1370 

1560 


Average values for perfusibiUty of kidneys of non uremic patients The methods for 
calculatmg “possible renal blood flow” and “corrected blood flow” are given in the text 
The former represents the flow of whole blood at the pabent’s mean blood pressure, calculated 
from perfusion rate with kerosene at 100 mm Hg The “corrected flow” is obtained simi- 
larlj after the observed rate of flow is corrected bj subtracting the resistance of the perfusion 
apparatus from the total resistance of kidnev and apparatus It is apparent that the per- 
fusibihtv of normal kidneys is only slightly greater than indicated bj the data reported bj 
those who haie used diodrast clearance, and that there is a distinct fall with age and with 
arterial hypertension 

Before timmg the rate of flow the kidneys w ere kept for 24 hours after death at 
4°C , and at 37°C for 4 hours, m order to allow ngor to pass off, and they were per- 
fused wnth one hter of kerosene at 200 mm Hg to break up the remaining ngor and 
wash out the vessels thoroughly Actually, blood remams m some glomerular loops 
and a few mtertubular capiUanes even after perfusmg with several hters of kerosene 
Smce kerosene and blood do not mix, it seems probable that where a large plexus 
of vessels opens out of a smgle narrow inlet, as m the glomerulus, the kerosene pours 
through some channels and traps blood in a few It was found that perfusion re- 
peated at 48 hours gave no higher rate than at 24, but the lower time hmit for maximal 
perfusion rates was not explored The rate of flow was timed from a calibrated bottle, 
with a stop-watch, at 160 mm , then at 100, again at 160 and 100 Occasionally a 
third pair of observations w as made if the second did not check with the first, which in 
such cases was alwav's slower Usually the duplicates checked within 5 per cent 
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On the average the resistance (Pressure/Flow) was 6 per cent higher at 100 mm than 
at 160 Individual variation was from 0 to 16 per cent, but the average m normal 
and h>T)ertensive individuals and at different ages did not differ significantly 

It should be noted that the perfusion system itself Vias not free from resistance 
This introduces httlc error m cases where flow is less than one hter per minute, but in 
the rapid flow of >oung normal individuals the error rises to as much as 50 per cent 
Thus the fastest flow 10 5 cc. per gm per mmutc, becomes 16 when recalculated 
subtractmg the resistance of the system We have followed the usual custom of not 
correcting for this error which tends to mmuntze the actual spread between the fastest 
and slowest rates In Table I, however, corrected average figures are also given 

After washing out the kerosene with warm salt solution, lead carbonate ui warm 6 
per cent gelatin was mjccted the kidne> chiUcd with pressure at about 140 mm Hg 
m the mjection system, and roentgenograms were made with the kidney and vessels 
intact and agam after sphtting the kidney lengthwise This gave a reliable check on 
the completeness of injection, the state of large branches, and the amount of tissue to 
subtract if a small accessory arterj was missed Judging by differences between m 
jected nght kidneys and non mjected left kidnej's, they increased 10 to 15 per cent m 
weight durmg perfusion and mjection In this laboratory the renal pelvis and pelvic 
fat arc not trimmed out before weighing 

Material Studied — ^While recognising the desirabiht> of usmg kidnej-s from coro 
ner s cases in which death occurred quickly from violence or poison, as the normal con 
trols, we have used the best available material— kidney's from patients dying of dis 
ease m which the kidneys were not directly mvolved and only from those with normal 
heart weights, and several blood pressure records before premortal arculatoo failure. 
None had systolic levels over 140 or diastohc levels over 85 In the hypertensive 
group all had cardiac hypertrophy, systolic levels over 170 and diastolic over 90 on 
all observ’ations pnor to final circulatory failure, which in many was associated with 
cerebral or coronary arterial accidents None was considered uremic unless the 
blood urea was more than 100 mg per cent m the last week of life There were rela 
tively few women among the normal controb the flow per gram of kidney apparently 
was m the same range as m males of the same age 

RESULTS 

Efecl of Age — The kidneys of older people, mcludmg those with low normal 
arterial pressure, show variable degrees of disseminated focal atrophy of the 
renal cortex, associated with arterial disease, chiefly atherosclerosis and re 
duphcation of the inner elastic lamellae Such changes are more striking in 
hypertensives, yet in some of these (markedly hypertensive in a few cases for 
many years) scarcely any gross change and only rare hy almized glomenih are 
seen However even in normal individuab with minimal histologic renal 
changes and those who are senescent rather than senile the capacity of the 
vascular bed of the kidney decreases strikmgly with age (Table I and Fig 1) 

It seemed desirable to mterpret our results m terms of blood flow in order 
to compare them with reports on diodrast clearance To correct for the 
difference in viscosity of blood (4 at 37 C ) and kerosene (2 at 20 C ), we per 
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fused one kidney with kerosene and then with a mixture of cosmetic oil and 
kerosene (viscosity 4) The decrease m flow through the tortuous renal 
vascular bed on doubhng viscosity is not 50 per cent, as would be the case m a 
straight tube, but only 30 per cent Usmg this factor, the observed kidney 
weight, and mean blood pressure, 5 + I>/2, of each patient, ne calculated a 



Flow at 100 mm Hg cc /gm/min 

Fig 1 Kerosene flow through kidneys postmortem 9 = normal kidney from 
patient without h}T)ertension, X = kidney from hypertensive patient without uremia, 
— = two kidneys from hypertensive patient without uremia 

“possible renal blood flow ” These figures are not corrected for surface area, 
but the average for a group may be compared with figures obtamed on livmg 
men with diodrast (4) We also give a further “corrected” figure, where the 
resistance of the perfusion system is taken mto account, rather than bemg ig- 
nored as IS the usual custom This is given to show the absolute maximum 
which can be computed if all factors are considered, and also for comparison 
with figures obtamed in the conventional way which assumes that the pressure 
at the entrance to the mam artery is that at the surface of the fluid m the 
perfusion bottle 
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The reported diodrast clearances (4) on fourteen men 18 to 32 years old 
mdicate a blood flow in life of 1390 cc , our se\ en kidneys in this age group yield 
a figure tor “possible blood flow” of 2080 cc For thirteen men, aged 45 to 60, 
the diodrast renal blood flow figure was 1018, 26 per cent below that of the 
younger group, while kerosene perfusion indicates a “possible flow,” m the 
group 45 to 60 years old, of 1580 cc , 24 per cent low er than m the young adults 



Fig 2 Average values for kerosene flow postmortem, and “possible renal blood 
flow” calculated as described m Table I Renal perfusibdity decreases with age, is 
somewhat lower m hypertensives is greatly diminished in most uremics 


The fact that smiilar changes with age are apparent m both groups, and that 
the kerosene method gives a figure 50 per cent higher than the diodrast flow 
as contrasted with a figure 60 to 80 per cent lower m the reported aqueous 
perfusions gives us some confidence in the validity and value of the method we 
have used The decrease m total flow, m normal kidneys, is 40 per cent be- 
tween young adults and those past 60 years In those 60 to 89 the further 
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declme over the rate of flow in those of 45 to 60 is associated with the decrease 
in renal tissue, since the flow per gram of kidney at 100 mm Hg remains con- 
stant m the two older groups 

Hypertension with Normal Blood Urea —Tha “possible renal blood flow” 
appears to be greater m these hypertensives as compared with normal m- 
dividuals of the same age groups, but it is probable that the true mean pres- 
sure, m hypertensives, is not so high as that calculated by averaging systolic 
and diastohc levels The curves showmg percentile distribution of various 
levels of renal vascular resistance m normal and hypertensive mdividuals 
show that about 75 per cent of such hypertensives have resistance m the nor- 
mal range (Fig 3) Indeed the average kerosene flow per gram, at 100 mm 



Renal Resistance 

Fig 3 Distnbution of values for resistance m renal vascular bed m normal and in 
h 3 ?pertensive patients without uremia While most hypertensives fall m the normal 
range, a few have shght to marked mcrease in resistance to flow 

Hg, IS only 11 per cent less in the hypertensive groups, although an occasional 
case shows a level one-half the lower limit of the normal 

Marked Occlusion of Renal Artery and Its Mam Branches — Moderate nar- 
row mg at the ostia of the renal arteries is often encountered m patients with 
atherosclerotic plaques in the abdominal aorta In some of the renal arteries 
from normal or hypertensive patients such plaques were present, and m two 
the narrow mg w’as so marked that only a 2 mm cannula, instead of the usual 
4 0 or 4 7 mm cannula, could be used The rates of flow w ere not low , one of 
them had the same flow per gram as its mate w ith a fully patent artery This 
merely confirms the observation (5) that narrow mg of a short segment of an 
artery must be \ery marked before the blood flow is reduced In addition to 
this we have observed, m the past 1400 autopsies, five cases w ith very marked 
narrowing of the main renal artery or occlusion of one of its large branches 
All had a marked atrophy of the kidney or part of the kidney affected but m 
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only one did the findings seem comparable with Goldblatt hypertension m 
the dog, in the other four fairlj recent thrombosis or hemorrhage m a plaque 
was present, renal sclerosis distal to this was similar to that elsewhere, and 
there was a history of years of hypertension We mterpret these as cases m 
which renal arterial acadent supervened m hypertension just as a coronary 
or cerebnl arterial occlusion might have occurred Such accidents to renal 
artenes may lead to a new and morfe severe hypertensive mechanism, and m 
one case this seemed to have been the case In three cases only one third to 
one-half of a Irdney was affected, and there was no evidence of a recent rise 
m pressure 

Uremia — In one case of amyloid disease, with a rapid terminal rise m blood 
urea to 300 mg per cent, the “possible renal blood flow” was calculated at 
1400 cc per minute, the flow of kerosene per gm , at 100 mm was 2 5 cc 
per gm per mmute In a case of myeloma kidney, with hypertension, the 
“possible renal flow” was 660 cc , and m a case of polycystic kidneys (total 
renal weight 4 6 kilos) the possible flow was 620 cc In the other three patients 
with blood urea over 250 mg per cent, there was chronic glomerulonephntis 
and total "possible flow” averaged 172 cc There were seven cases with blood 
urea between 100 and 250 mg per cent One had periarteritis, two chronic 
pj elonephritis, and four severe renal arteriosclerosis, with scarred and shrunken 
kidneys The possible flow m these cases averaged 435 cc per mmute The 
fastest flow m this group is about the same as the slowest flow m the hyperten 
sives, but uremics with chronic renal disease obviously have much lower pos 
sible rates of blood flow, on the average, than even elderly hypertensives 
(Fig 2) 


DKCOSSION 

Aside from Kimmelstiel’s (2) mention of the fact that normal kidneys from 
patients under 40 years old all gave flows of 250 to 400 cc salme per minute, 
while older ones ranged from 110 to 400 cc , the hterature on renal perfusion 
does not mention an age correlation with vascularity of the kidney Moore 
(8) has recorded a declme m total glomeruh per kidney of 8 5 per cent m per 
sons of the 45 to 60 year group as contrasted with the 18 to 35 year group But 
m perfusion of the kidney with kerosene it is apparent that the vascular bed 
decreases about one-fourth between maturity and late middle age m the aver 
age person The same decrease also is seen m the renal blood flows of normal 
men, calculated from diodrast clearance (4) and in the heart, perfused with 
kerosene (9) Some individuals do not show any reduction m vascular bed 
even at 70 or 80, they are like the men who pass three score and ten with no 
bald spots and few grey bans After 60 there seems to be httle decrease in 
blood flow per gram of kidney m normal people, although decrease m kidney 
weight becomes qmte strikmg m senihty 

As m previous studies m which the large renal arteries were studied by roent 
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genograms and histologic study after an injection mass had set at arterial 
pressure, significant atherosclerotic narrowing of large renal arteries nas 
uncommon m this series of cases In a faurly large proportion significant nar- 
rowmg probably occurs late m hypertension as a result of atherosclerosis and 
hemorrhage in plaques, the latter accident perhaps being related to the hyper- 
tension Observations based on renal arteries constricted by rigor or fixation 
have led to wholly erroneous estimates of the frequency of significant narrow- 
ing (6) In vessels not fixed while distended at arterial pressure even a small 
plaque seems to obstruct the lumen 

So far as the relation of renal arteriosclerosis and reduced vascular bed to 
arterial hypertension is concerned, our results agree essentially with the class- 
ical studies of Kimmelstiel (2), whose careful histological correlations we have 
not repeated Uremic patients with h 3 rpertension have very much slower rates 
of flow, on perfusion after the kidney has passed out of rigor, than do non- 
uremic hypertensives In Kimmelstiel’s work the average normal flow, at 
140 mm Hg, was 231 cc per mmute, the average in hypertensives ranged from 
199 in the group with no arteriolar sclerosis to 175 in those with marked ar- 
teriolar sclerosis but none of the pathological stigmata of “mahgnant scler- 
osis ” In those with such stigmata, the flow, as m those with the chnical 
features of “malignant sclerosis,” averaged just over SO cc , those with chrome 
glomerulonephritis just below SO cc While our absolute values are very 
different, the trend is similar, and contrary to the findmgs of Christian, Schles- 
mger, and Myers (3), who apparently perfused kidneys immediately post- 
mortem, probably before rigor had passed off, and found little difference be- 
tween uremic and non-uremic hypertensives 
On the whole the results of renal perfusion mdicate that hypertension 
frequently occurs without any significant reduction in tlie vascular bed, and 
not infrequently with a vascular bed potentially as capacious as that of a 
young adult The average resistance to flow through the renal tissue of such 
hypertensives is only 20 per cent greater than m normal individuals, but this 
is due to the fact that old hypertensives have more renal vascular disease than 
comparable controls (produemg m our material a perfusibihty 32 per cent lower 
m the hypertensives over 60), and even at early ages a few hypertensives have 
kidneys with marked vascular change and reduced capacity for flow We 
mterpret the evidence, m the light of other observations and particularly the 
phenomena encountered m experimental renal hypertension, as mdicatmg that 
h 3 qiertension may accelerate and mitiate degenerative changes in the retmal 
and renal arterioles, and to lesser degree changes in larger vessels and other 
organs Therefore much more severe vascular changes and greater reduction 
in vascular bed will be observed m some hypertensives than in any normal 
mdmduals Of particular interest were tn o pedigreed hypertensives, aln ays 
shonung levels of 200/120 or higher over more than 10 years, nho had prac- 
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tically normal kidneys and renal vessels, and capacity for flow m the upper 
normal range In other words hypertension is usually not associated with 
renal arterial disease at its onset, and is usually not accompanied by significant 
reduction in renal vascular bed It can, and often does cause renal arteri 
osclerosis to progress to the point where the vascular bed is narrow and uremia 
begins, but it may exist for years without affecting these vessels While the 
kidneys ma> play a part m all cases of h>pertension, it is only in a small group 
that renal disease, usually inflammatory, is the primary process 

smaiARY 

By using kerosene and avoidmg postmortem rigor one can obtam perfusion 
rates in kidneys nearly five times faster than those reported by observers who 
perfused kidneys immediately post mortem with salme solution, only half as 
viscous as kerosene 

The results obtained by kerosene perfusion indicate possible renal blood 
flow 50 to 100 per cent greater than that measured by Smith and his coworkers 
(7) m livmg men by diodrast clearance under normal conditions, and about as 
high as those observed m febrile subjects Like the diodrast method, kerosene 
perfusion shows a striking decrease m renal vascular bed between early matu 
ity (age 18 to 35) and senescence (45 to 60) This decrease is about 25 per 
cent 

Most kidneys from patients with hypertension without uremia have vascular 
beds m the normal range, but a few show great decreases in capaatj for blood 
flow This evidence is mterpreted as another indication that renal arten 
osclerosis is often a result, rarely a cause of hypertension Significant occlu 
Sion of large renal arteries is rare 

Uremia due to amyloid may occur with no significant decrease m renal 
vascular bed, but the uremia of renal sclerosis, glomerulo- or pyelonephritis 
is associated with reduction of vascular bed to very low levels 
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Until diodrast clearance was used to study renal blood flow, there was no 
yardstick of normal blood flow through human organs during life to compare 
with the rates of flow observed during perfusion postmortem It now is 
evident that the studies of renal perfusibility carried out soon after death with 
aqueous solutions yielded values, at 100 mm Hg onl\ 10 to 40 per cent as 
great as the flow calculated for young adult male kidneys excreting diodrast 
On the other hand, waiting until rigor passes off, perfusing at high pressure 
to break up rigor, and using kerosene as a perfusion fluid yields values, at 100 
mm Hg, well above diodrast clearances (1) It therefore seemed worth while 
to use the same technique on the coronary arteries m hope of obtaining m 
formation on the vascular bed of hypertrophied hearts to supplement that ob 
tamed by morphological studies (2) 

Methods 

The technique was essentially the same described for kidneys (1) The cannulae 
thin walled metal, and of the largest, snug fitting caliber were introduced through 
the ostia m the aortic wall, heavy enterostomy clamps on the auricles cut off much 
flow through this tissue prevented leaks but were so placed as not to interfere with 
the coronary venous return Good checks were usually obtained at 160 and 100 min 
Hg after initial perfusion ivith one hter at 200 mm In the heart more often than m 
the kidney the second pair of observations mdicated no change or shght slowing of 
flow rather than shghtly faster flow The arterial bed was visualized by roentgeno 
grams after injectmg lead gelatin at 40*0 chilling and openmg by Schlesinger s 
method (3) Perfusion and mjection of lead gelatm increased the weight of the heart 
from the weights before and after study of intact hearts and before and after remov 
mg the auricles and great vessels it was found that the ventricular weight equalled 
65 to 74 per cent of the final heart weight The calculated ventncular weights of 
most hearts were taken as 70 per cent of the final heart weights 

As m the case of the kidneys, the results were all calculated on the conventional 
assumption that the pressure at the entrance to the coronary ostia was the same as 
that m the pressure bottle Smee the perfusion system always offers some resistance 
this assumption which seems to be umversal in studies of organ perfusion mtroduces 
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a systematic error whidi is largest m cases with rapid flow and thus tends to mcrease 
the spread between high and low rates In the heart perfusions a U tube connected 
to the two cannulae, and the system, without cannulae or other resistance gave a rate 
of flow, at 100 mm Hg of 3200 cc per mmute, resistance {R = P/F) of 0 031 In a 
small heart, with total flow 490 and flow per gm of 2 9 cc per mmute, recalculation 
after subtractmg R of the perfusion system from observed R works out thus 0 204 

— 0 031 = 0 173, ideal flow = ^ = 580 cc per mmute, flow per gm =34 

The usual calculation gives an error of — 18 per cent With a very fast flow and large 
heart, where total flow was 910 cc , flow per gm , 1 5 cc , the corrected figures are 1260 
and 2 1 cc Here the error is —40 per cent It will be apparent from these examples 
that the figures for flow, calculated and recorded below m the conventional way, are 
too low by 20 to 40 per cent if one wishes to calculate the true resistance or flow 
capacity of the vascular bed of an organ The uncorrected figures only are given, 
m order to keep the results comparable to those of other workers and m other organs 
The only previous report on coronary perfusion gives no figures for heart weight (4) 
or flow per gram, but the total rates for flow of serum through the hearts of adults 
dymg of infectious disease appear to be about one-fourth as great as those now re- 
ported 


RESULTS 

In addition to the observations on normal hearts and hypertrophied hearts 
without gross narrowmg of coronary arteries, these other data were obtamed — 

Normal young dog, flow at 100 mm Hg, 8 1 cc per gm per mmute m a heart weigh- 
mg 40 gm Two old dogs, with marked renal hypertension and hj^iertrophied 
hearts, 125 gm heart, flow 3 75 cc pergm per mmute, 140 gm heart 2 3 cc per gm 
per mmute GoUwitzer-Meier (5) reported blood flow rates up to 2 cc and Harrison 
(6) up to 5 cc per gm per mmute m hvmg dogs 

In mfants, at 6 weeks 3 2 cc per gm per mmute, at 18 months 5 2, and at 27 months 
6 cc per gm per mmute 

In two patients with narrowmg but no occlusion of the coronanes 0 8 and 0 95 cc 
per gm per mmute at 100 mm Hg In another, with one mam branch very narrow 
and two branches occluded, with large fibrous scars and small recent infarcts, 0 3 
cc. per gm per mmute 

The resistance to flow (Pressure/Flow) was greater at 100 mm than at 160 
The rise in resistance at the lower pressure was 8 6 per cent m those under 60 
years old, and slightly less, 6 5 per cent, m those between 60 and 89 There 
ivas no significant difference between those 40 to 60 and the younger group 
Apparently the rigidity of the vessel walls is mcreased more m senility than m 
non-senile elderly persons With perfectly rigid walls the resistance is the same 
at aU pressures and the actual difference noted represents a 25 per cent increase 
m rigidity 

Other results are summarized m Figs 1 to 3 




Fig 1 All data on kerosene perfusion of human hearts postmortem □ «■ 
infants 6 to 27 months, • «=» adults of 20 to 40 years, X •*» adults 40 to 60 years, O =■ 
adults 60 to 80 years No cases vnth coronary narrowing demonstrable by x ray of 
heart after injection of lead gelatm are included The heavy line, roughly relating 
flow to heart weight, has the formula F — 0 7 + 400/Tr 



Fig 2 Kerosene perfusion flow at patient s diastohc pressure This includes all 
observations on cases with repeated blood pressure observations for some time prior 
to terminal illness The diastohc pressures of the three infants were arbitrarily taken 
as 55 mm Hg and in all cases diastohc flow calculated by multiplying flow at 100 mm 
Hg by diastohc pressure divided by 100 X — cases of aortic msuffiaency with low 
diastohc pressure 
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Age —Age has a very striking effect on the vascular bed, even in hearts of 
the same weight and when all are free from coronary narrowing due to ather- 
oma In hearts of normal weight (ventricular weights of 150 to 250 gm ) the 



Fig 3 “Possible blood flow,” correctmg perfusion rate at 100 mm for patient’s 
observed blood pressure (mean pressure taken as S -1- DI2), and for viscosity of whole 
blood compared with kerosene □ = infants under 2 J years, % = patients aged 25 
to 40, X = patients 40 to 57, 0 = patients 60 to 84 years old An F to the nght of a 
case mdicates congestive failure While flow at a constant level of pressure, or even 
at patients’ diastohc pressure, falls with mcrease m weight of ventricles, the flow at 
mean pressure existing during life remains fairly constant m many cases in spite of 
hj-pertrophy The maximal flou at mean pressure is given by the formula F =2W 
50, the mmunal is F = 0 9 W -f 30 

average floii at 100 mm Hg was 3 1 cc per gm per minute m those aged 25 to 
40, 2 4 cc m those 40 to 57, and 2 cc m those 60 to 84 years old There is a 
fall of 35 per cent in the average vascularity of hearts between the group 25 to 
40 years and those over 60 years This age difference is less striking w ith v en- 
tricular weight 260 to 400 grams, the average faUing from 2 2 cc m those 40 
to 60 to 1 9 in those 60 to 78 years old, and there was no significant difference 
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between these age groups in hearts ^\hosc ventricles weighed over 400 grams 
The ige effect m normal organs is not peculiar to the heart, for kidneys of 
people m the age group 45 to 60 have a perfusibility 32 per cent less than 
those from people 18 to 32 years old, and diodrast clearances indicate a similar 
decrease m actual renal blood flon with age (1) 

The most striking change occurs with normal growth, and with change in 
age from 2 j ears to 30 Here the decrease m perfusibihty of normal hearts 
IS nearly 50 per cent, and this can scarcely be regarded either as a pathological 
or involutional process It shows that decrease in perfusibihty with age or 
increase m bulk maj be i normal adaptive process 

Hypertrophy — The perfusibihtj of the heart decreases with hypertrophy 
In the age group 40 to 60 tlie decrease is from 2 4 cc per gm per mmute at 
weights under 250 gm , to 2 2 (—8 per cent) at weights of 250 to 400 gm , and 
to 1 5 (—37 per cent) at weights over 400 In the group over 60 years old, the 
decrease is from 2 0 cc with less than 250 gm of ventricle to 1 9 (—5 per cent) 
in those with 260 to 400 gm , and to 1 4 (—30 per cent) m those witli over 400 
gm of ventricular muscle 

Congestfx Failure — There were four cases of aortic msufficiency m the group 
of heaviest hearts, tv.o were rheumatic with hypertension and diastolic pres 
sures of 80 mm Hg All of them had congestive failure, and two had coronary 
flows, calculated for their diastolic pressure levels which were lower than any 
of the whole group, similarly reckoned Othe^^vlse there was no correlation, 
m a group of the same age and ventricular weight, between coronary flow and 
congestive failure (total eleven cases) Those dying of cerebral accident, 
prostatfc disease, or other mtercixrreiiC jUoesshad rates as 2ou as or lower than 
any of the cases with congestive failure (Fig 3) Nor did any of these nme 
cases show the fatty degeneration of the subendocardial fibers which is so 
characteristic of patients dymg with severe coronary occlusion or acute or 
chronic anemia In the latter group anoxia undoubtedly has been present 
for man> hours before death, and is believed to be the cause of fatty degenera 
tion Such degeneration is rare m cardiac hypertrophy with no anemia or 
coronary disease 


DISCUSSION 

As will be seen m Figs 1 to 3 there is a great variation m coronary flow of 
hearts of the same weight, some of which is due to difference m age of the 
patient The flow per gram of ventricular muscle, at the patient’s mean or at 
ins diastolic pressure, is much less variable over a wide range of heart weights 
than is the flow at a constant pressure level Nevertheless age and hyper- 
trophy do have a very strikmg effect m dimmishmg the capacity of the coro- 
narj bed On the average a > oung adult with a normal heart has 2 4 times as 
wide a coronary bed as a man over 60 with a heart weighing 700 grams 
It IS of course an everyday observation that young people with hyper 



182 


CORONARY BED CARACITY IN CARDIAC HYPERTROPHY 


thyroidism, hypertension, or healed valvular lesions are much less apt to 
decompensate than are those with similar, or milder, cardiac burdens at ages 
over 45 It is equally certain that cardiac hypertrophy is invariably present 
and often is marked m those who have had weeks or months of congestive heart 
failure before dymg Is it then proper to conclude that the dimmished coro- 
nary bed, per gram of muscle, which occurs with age and with hypertrophy is 
the mam cause or even an important cause of progressive mvocardial failure? 

There are several precedents for ascribmg heart failure to myocardial ische- 
mia Harrison (7) inferred as much from looking at the heart fibers and cal- 
culating that oxygen could not diffuse into their depths, and Wearn reached 
that conclusion after finding few capillaries per gram (2) Kountz, who 
measured the coronary flow in revived human hearts (8), also felt that the 
flow was regularly dimmished after failure and that this was an important 
element in causmg failure Smce he did not perfuse all the hearts at constant 
pressure, but began at 20 mm Hg and raised the pressure until dilatation set 
in, his published data do not prove that the coronary bed was narrowed, but 
only that the flow was poor at the levels of pressure which the muscle could 
mamtain In normal hearts he found the flow, at about 100 mm Hg, ran as 
high as 1 5 cc per gm per minute and that histamme doubled the flow, thus 
reachmg a level only a bttle below that found on perfusing hearts postmortem 
with kerosene, which is half as viscous as blood Kountz’ results give us fur- 
ther confidence m the value of our method, but neither they, nor the morpho- 
logic studies of Weam or Harrison prove that myocardial ischemia is the mam 
or most important cause of heart failure, nor do the observations here recorded 
necessarily establish such a relationship It is evident that when calculated 
for possible blood flow at the patient’s mean blood pressure there is an mcrease 
m flow, in the majority of hearts, proportional to the mcrease m weight The 
vascular bed is therefore apparently adapted to supply a constant maximal 
volume at the existmg pressure 

Against the view that hypertrophy leads to ischemia are several observations 
whiA pathologists have often confirmed Failure may occur with heart 
V eights from 400 to 1100 gm , it may be absent m patients who die with hearts 
over 700 gm in weight There certamly is no specific fiber thickness or level 
of hjqiertrophy which can be stated to be mcompatible with an active life, 
w ith considerable capacity for muscular effort and mcreased cardiac work It 
therefore seems unlikely that there is any fiber thickness or level of hypertrophy 
at which the heart becomes unable to carry a basal load because of anoxia, 
and until it fails under a basal load there is no fatal outcome In the second 
place the pathologist regularly finds specific changes, notably subendocardial 
fatt)' degeneration, m hearts of patients wnth hemoglobin levels below 25 
per cent, whether this is due to bleedmg peptic ulcer or any other cause 
These changes are not found in hypertrophy and heart failure It is probable 
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that the fall of 60 per cent m coronary capacity for Bow, found m the man of 65 
with a 700 gm heart as compared with the man of 30 with a 250 gm heart, 
IS less serious in its effect than a fall of 60 per cent m hemoglobin, for the latter 
causes an increase m cardiac output and work of the heart Ischemia m 
either case maj contribute to or aggravate heart failure, but it cannot safely 
be regarded as the main or most important factor In this series of cases the 
capacity of the coronary bed at a constant level of pressure, was not less in 
those hearts which had mamfested severe congestive fadure than m the others, 
of the same weight, in which that phenomenon had not occurred, or was mini 
mal and termmal 

It will be seen that the mimmal rate of kerosene flow, calculated either at 
loo mm Hg or at the patient's diastolic pressure, does not fall below 1 cc 
per gm per minute, except m aortic insufficiency If the correction for dif 
ferencem viscosity which we found toapplym the kidney is used for the heart, 
this would imply that the capacity for flow of whole blood never falls below 
0 7 cc per gm permmute Even in the mnermost fibers of the left ventricle, 
where only diastobc flow may be possible, this would leave a capacity for flow 
of about 0 4 cc per gm per minute, carrymg oxygen at the rate of 0 08 cc 
per gm per mmute The basal 0 uptake of the human heart can be estimated 
from that of the dog— it is probably of the order of 0 03 to 0 05 cc per gm per 
mmute. These calculations of flow are based on observed rates, uncorrected 
for slowing due to the resistance in the perfusion system and are at least 25 
per cent below the true rate for possible blood flow Hence, using the lowest 
possible values, in the least vascular hearts without gross coronary disease, the 
margm of safety is well above what is needed In the great bulk of muscle, 
where flow contmues through systole, and m the average heart at its usual 
mean pressure, even with the most marked hypertrophy there remains a 
capaaty for coronary flow three to seven times as great as needed to supply 
oxygen, and sufficient therefore to mamtam a fairly high 0 tension about the 
muscle fibers 

It is of interest that whde myohemoglobin m the heart mcreases m animals 
exposed to low Ch tension it does not mcrease with hypertrophy (2 h) Hence 
the theory that myocardial ischemia is invariably present in cardiac hyper 
trophy involves an unverified assumption not only that cardiac vascularity 
fails to adapt itself to tissue needs m the usual way, but also that the normal 
adaptation of myohemoglobm to oxygen tension is inhibited 

Tie calculations of Harrison, which he uses to support the theory that 
diffusion of Oi cannot take place mto fibers as thick as those of the hypertro 
phied heart, are based on the assumption that the heart contams no oxygen 
buffer and the muscle contains no blood durmg systole, that the venous Oi 
level IS usually as low as that he observed m one series of dogs and much lower 
than he himself has recorded m hearts of dogs under maximal loads, and finally 
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that O 2 diffusion into a muscle fiber can be calculated with the formula for dif- 
fusion from a smgle tube m the center of a cylinder of tissue Actually one 
must use the formula for a cyhnder bathed in fluid with the same O 2 tension 
as mixed venous blood, and assume that O 2 diffusion takes place all through the 
cycle, since the small vessels always contain red cells and the muscle contains 
myohemoglobm The O 2 tension probably does not drop to 0 during systole 
even deep m the left ventricle If it did the venous sample sould represent a 
mixture of entirely unsaturated blood from early diastole and highly saturated 
blood from the end of diastole, so that saturation of myohemoglobm and red 
cells in the capillaries would be very high at the onset of systole Harrison 
himself noted coronary venous oxygen saturation of 40 to 50 per cent m hearts 
domg violent work, and equally high levels are found in the later, more ex- 
tensive, and less indirect measurements of Visscher and of Gollwitzer-Meier 
The possibihty of high values is also indicated by these studies of the coronary 
bed 

If we use the formula of Hill (9, p 60, b, 1 ) for diffusion into a cylinder of 
tissue usmg oxirgen at a constant rate, and accept 0 12 cc O 2 per gm per min- 
ute as the highest possible rate of human heart muscle metabolism, it appears 
that fibers up to 60 microns thick will be supplied with O 2 even at their very 
center Oxygen utilization at 0 07 cc per gm per minute is about twice the 
basal level and a coronary flow of 0 6 cc per gm per minute is easily possible 
This n ould result m a venous saturation of about 35 per cent and a fiber 90 
microns thick would be fully oxygenated Since 16 to 18 microns is about 
normal, and 40 microns rarely is reached m the most hypertrophied hearts, it 
seems unlikely that hearts with such coronary beds as those here reported, 
and with normal blood hemoglobin, ever suffer from failure of O 2 to reach the 
centers of fibers This is m accordance with the observations on nuclei, which 
he m the center of these fibers and appear to be quite normal even in the most 
massive hypertrophy Anemia does lead to nuclear as well as sarcoplasmic 
degeneration 

The clmicians who have accepted myocardial ischemia followmg hyper- 
trophy as the explanation of congestive failure are welcome to see m this study 
a functional confirmation of view s based on morphologic evidence Certainly 
a 58 per cent decrease m capacity for flow is more startling than a 40 per cent 
decrease in capillaries per c mm Most of this decrease was due to age alone, 
the greatest decrease m one age group was 37 per cent It must be noted that 
the rates of flow m hypertrophy due to disease fall on precisely the same Imes 
(Figs 1 and 3) as those due to normal grow th, and that a 46 per cent decrease 
in capacity for flow per gm of heart occurs betw een infancy and the prime of 
life Recalhng how the vascular bed, even m the aged, hypertrophies to supply 
a tumor, or to provide collateral about an occluded vessel, others may be 
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dissatisfied with a theory of myocardial failure based on the assumption that 
the vascular bed of the heart cannot adapt itself fully to supply the needs of 
the muscle 

The pathologist or biologist perhaps can accept the thesis that the hyper 
trophied heart has a vascular bed ample for its needs, and that its fibers can 
be fully supplied with oxygen They may not insist that the growth of the 
vascular bed exactly parallels an organ’s increase in bulk The pathologist 
may even be pleased that he need not explain to students \\ by anoxia of heart 
muscle due to severe anemia or to coronary occlusion causes fatty degeneration, 
while the alleged anoxia of hypertrophy rarely does Perhaps those of us who 
asenbe angina to mvocardial ischemia will now find it easier to explain why 
angma is far less frequent with simple hypertrophy than with anemia and 
coronary disease This may compensate for losing an explanation of myo- 
cardial failure which raised more questions than it answered 

SUMMARY 

After elimmatmg vascular rigor, perfusmg human hearts w ith kerosene under 
pressure postmortem gives values for coronary flow which seem an mdex of the 
maximum possible flow durmg life This is 3 1 cc per gm per minute at 100 
mm Hg m normal men under 40 It is 35 per cent low er in the hearts of those 
60 to 80 years old, and also falls in hypertrophied hearts In old people it is 
30 per cent lower m hearts over 600 gm than m those under 350 m patients 
40 to 60 years old it is 37 per cent less m hearts over 600 as compared with those 
under 350 gm 

In discussion it is brought out that while the decrease in coronary capacity 
associated with age or hypertrophy may play a part m predisposing some hearts 
to congestive failure, there is no evidence that the hypertrophied heart has an 
inadequate o'^gen supply or that its fibers are too thick for adequate oxygen 
diffusion Congestive failure cannot be ascribed to anoxia except m the pres 
ence of severe anemia coronary occlusion, or tachycardia with low blood 
pressure Decrease in perfusibility with age and growth may be a perfectly 
normal adaptation to the needs of the tissue, the perfusibility of the heart of 
the young adult is about half that of an infant at 2 years 
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The observation that hemoglobin extracted from muscle was excreted by the 
kidneys much more rapidly than blood hemoglobm was perhaps the first mdication 
that these two substances are different (4, 7) Since the purification and crystalliza 
tion of myohemoglobin by 'Ilieorell (13) in 1932 many of its chemical and physical 
properties have been elucidated. Also ideas oinceming renal function have become 
more specific so that many of the features whidb were so puzzling to early mvestigators 
have now become fairlj obvious 

Camus and Pagniez (4) m 1902 were the fiust to report the experimental production 
of muscle hemoglobmuna Their papers contam httle specific information regarding 
experimental procedures, but they conclude significantly, that the amount of myo- 
hemoglobm recovered m the unne is proportional to the amount m^ected intraven 
ously and that foUowmg such mjections the unne becomes deeply colored while the 
plasma never exhibits more than a famt tmge. Similar results have been obtamed 
m horses (3, 5) and the hemoglobmuna occurring m these animals m certam disease 
states has been attnbuted to the escape of myohemoglobm mto the plasma and thence 
through the kidney Whipple and his associates (1, 7, 10) also studied several aspects 
of the problem Muscle hemoglobm was found to disappear rapidly from the plasma, 
and the renal threshold for this substance was estimated at about 15 mg per kilo 
of body weight FoUowmg repeated mjections the iron content of the kidneys was 
somewhat mcreased although no iron-stammg pigment could be demonstrated m 
the tubular cpithehiun, as m the case of blood hemoglobm 

The comparative physical and chemical characteristics of myohemoglobm and 
hemoglobm have been extensively dealt with in a recent review by Millikan (8) For 
the puiiwses of this study, however, the most significant findmgs are that the two sub- 
stances are spectroscopically almost identical and that whereas hemoglobm has a 
molecular weight of 68,800 and contams four atoms of iron, a molecule of myohemo- 
globm weighi> only 17,500 (12) and contams but one iron atom 

The experiments to be described are concerned with a study of the sunultane 
ous renal clearances of myohemoglobm and creatmme m the dog Smee this 
method has previously been apphed to hemoglobm (9), a quantitative 
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comparison of the renal excretion of the two substances can readily be made 
The results show that myohemoglobm is cleared from the plasma about twenty- 
five times more rapidly than hemoglobm, but that the mode of excretion ap- 
pears to be similar for the two substances 

Methods 

All procedures employed for the determmation of the renal clearances of mvohemo- 
globm and creatinine were essentially similar to those described in a previous publica- 
tion concemmg the renal clearance of hemoglobm (9) 

Female dogs were used to facihtate catheterization and tap water containing ap- 
proximately 0 5 gm of sodium bicarbonate per 100 cc was given before and dunng 
each expenment in amounts sufficient to insure a moderate diuresis of alkahne unne 
A 10 per cent aqueous solution of creatinine was m 3 ected subcutaneously 1 hour 
before the commencement of each experiment in amounts approximating 1 cc per 
kilo of body weight 

Unne was collected through a curved metal catheter, the bladder was washed with 
warm isotonic salme before and after each collection period, and the length of each 
penod was approximately 20 to 30 mmutes The normal excretion rate of creatinine 
was determined dunng the first two penods and the myohemoglobm injections were 
made dunng the thu'd Followmg this, consecutive urme samples were collected until 
gross hemoglobinuria was no longer evident 

Blood samples of approximately 8 cc were taken at about the mid-pomt of each 
penod from the external jugular vem In each instance, after punctunng the vein 
and withdrawing about 1 cc of blood, a second synnge was inserted and the final 
sample collected The blood was transferred with care to a tube containing 1 5 cc 
of 1 4 per cent sodium oxalate and gently mixed These precautions were necessary 
to prevent even very shght hemolysis which would interfere with the colonmetnc 
determmation of the relatively low plasma concentrations of myohemoglobm Sam- 
ples were centrifuged at high speed for 10 mmutes and the plasma w^as transferred to 
another vessel immediately after noting the hematocrit Appropnate factors were 
introduced mto all final calculations to account for the anticoagulant 

Myohemoglobm was injected from a gravity bottle at a rate of from 20 to 30 cc a 
minute It was found desirable to inject as rapidly as possible, since myohemoglobm 
appeared m the bladder almost instantaneously, and the above mentioned speed was 
well tolerated 

In view of its extremely rapid ehmmation, the first urme period for myohemo- 
globm was measured from the time of completing the injection, and a blood sample 
was collected at the exact mid-pomt of this first penod to avoid the necessity of inter- 
polation 

Plasma and unne creatmme determmations were made according to the method 
descnbed bj Shannon, JoUife, and Smith (11) Myohemoglobm determmations 
were earned out accordmg to the c> anraethemoglobm method of Evelyn and Salter 
(6) All colonmetnc measurements were made on a Klett photoelectnc colorimeter 
and appropnate blanks were carefuEy selected for each determmation 

Preparahon of Myohemoglobm —In order to obtain concentrations of myohemo- 
globm high enough to permit the rapid mjection of a moderately large quantity, the 
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quantitaUvc extraction method of "Whipple (14) and the crystaUization method of 
Theorell (13) were shghtly modified and combined Blood free muscles were ob 
tamed from dogs after viviperfusion, as described by \Vhipple (14) These were 
rendered reasonably free of fat and fascia, nnsed m sahne, and minced m a meat 
gnnder Each kflo of ground muscle was mixed mth about 1 liter of a 0 5 per cent 
solution of ammonia m water, shaken well and stored overnight at 2--4®C The 
mixture was then filtered through several thicknesses of cheesecloth The turbid 
reddish grey supernatant fluid was shaken m a separatory funnel with about one tenth 
of Its volume of ether to remove any fat present and the relatively dear, red solution 
drained from the bottom was centrifuged. The pH was adjusted to 7 0 and basic lead 
acetate was added to preapitate a large portion of the protein impurities The re 
sultmg heavy preapitate was removed by centrifugation, the pH agam adjusted, and 
the excess lead removed by the addition of disodium phosphate The final product, 
a dear, dark red fluid was dialyzed m cellophane sacs against distilled water at 2®C 
Twelve hours were usually sufficient to remove all traces of phosphate. The solution 
was then rapidly frozen and lyophiltzed at reduced pressure and temperature The 
brownish red flaky material so obtamed was readily soluble m small volumes of 
distilled water (c g 300 mg per 10 cc. water) After filtration m a Btichner funnd 
it was ready for mjection 

An early attempt was made to obtain a purer product by dialysis against saturated 
ammonium sulfate with subsequent removal of the sulfate by dialysis against water 
However after lyophihzation a large proportion of the material was insoluble, mdi 
catmg that dcoatunzation had occurr^ This procedure was abandoned because of 
the great loss of myohemoglobm, and because material obtained m this manner was 
found to be more toxic. 


EXPERIMENTAL OBSERVATIONS 

This report is concerned with the results of seven experiments performed on 
four separate animals "Varying amounts of myohemoglobm were mjected in- 
travenously, which caused imtial plasma concentration rangmg from 60 to 200 
mg per 100 cc Two animals received multiple mjections but no appreciable 
difference was noted m the outcome of the various experiments Small dogs 
were used exclusively m order to obtam roaximuni plasma concentrations with 
minim um amounts of myohemoglobm 

Slight reactions lastmg an hour occurred followmg mjection of the 

pigment in most experiments The animals became listless and there was usu 
ally an associated dimmution m the flow of urine and also m glomerular filtra- 
tion, as estimated by creatmme dearance These changes were attributed to 
the presence of some toxic impurities m the myohemoglobm preparations In 
all other respects the dmical condition of the animals remained normal through 
out 

Fig 1 illustrates the rate at which myohemoglobm disappears from the 
plasma followmg mtravenous injection The composite graph was obtamed by 
first plottmg the disappearance curve for the experiment sbowmg the highest 
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iiiitia.1 pla,sina, coiiC6ntr3.tioii of tnyohcmoglobm In each of the other expen 
ments the initial plasma concentration was placed on this curve and subsequent 
concentrations were plotted in relation to it with regard to time It will be 
noted that the rate of removal from the plasma is very rapid above a concentra- 
tion of about 30 mg per 100 cc , that it becomes much slower below this level, 



Fig 1 Composite graph showing the rate of disappearance of myohemoglobm 
from the plasma m relation to time, plotted on the basis of the curve obtained in the 
experiment showing the highest initial plasma concentration 

and that withm any given range of plasma concentration the disappearance 
rate is independent of the initial level instituted Belowa concentration of about 
40 mg per 100 cc the plasma has only a very slight reddish tmge and tends to 
become somewhat yellow m color 

The detailed data obtamed m one characteristic experiment are recorded in 
Table I Columns 3, 4, and 5, respectively, list the average plasma concentra- 
tion, the milhgrams excreted per mmute, and the clearance rate of creatmme m 
each separate period Similar data pertammg to m> ohemoglobm are found m 
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columns 6, 7, and 8 The creatinine clearance rates (column 5) also designate 
the volume of fluid filtering through the glomeruli per nunute m any given 
period A temporary diminution in filtraUon is seen m period 3 immediately 
foUo\Mng the injection of m> ohemoglobin The myohemoglobm/creatinme 
clearance ratios listed in column 9 arc obtained by dividing the figures m column 
8 by those in column 5, resolving any effects due to fluctuations m glomerular 
filtration The \'alues m column 10 represent the amounts of myohemoglobm 
recovered m the bladder urme m each period, listed as a percentage of the total 
amount mjectcd, and column 11 indicates the relative rate of urme flow from 
period to period 
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In Fig 2 the excretion rates of myohemoglobm and creatmme m relation to 
their respective plasma concentrations are represented graphically The 
creatmme curve shows a characteristic straight hne origmating at zero while a 
straight Ime relationship between the plasma concentration of myohemoglobm 
and the milligrams excreted per ramute is seen to exist above a threshold 
plasma le\ el of 17 mg per 100 cc In both curves the excretion durmg penod 
3 IS lowered The disappearance of these variations m the myohemoglobm/ 
creatmme clearance ratio mdicates that the same mechanism, presumably low 
ered filtration, is responsible for the observed changes m the excretion of both 
substances When the myohemoglobm \alue m this period is corrected for the 
percentage drop m creatmme excretion, it is found to fall on the straight Ime 
jommg the other points A definite straight line relationship between the 
plasma concentration and the rate of excretion of myohemoglobm is found m 
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Fig 2 Graphs A and B show the relationship between the rate of renal excretion 
and the plasma concentration for myohemoglobm and creatinine respectively, in 
experiment 1 
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* Figures m column 8 are corrected for the percentage drop m creatinine clearance dunng 
the mitial myohemoglobm penod 

** Dog 40-370 — experiment discontmued due to trauma to urethra. 
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all experiments when similar corrections for variations in glomerular filtration 
are applied 

Table II summarizes tlie salient features of all the experiments Columns 3, 
4, and 5 list the amounts of myohemoglobm mjected and their relationship to 
body weight It w ill be seen that the renal threshold values m column 6 iow 
a striing relative uniformity However, it is felt that these values may be a 
httle too high due to the slight effect of the yellow color in the plasma on the 
colorimetric readings at low plasma concentrations The possibihty of some 
contamination of the myohemoglobm solutions with blood hemoglobin was 



Fic 3 A composite graph relatmg the myobemoglobm/CTeatmme clearance ratio 
to the plasma concentration of myohemoglobm m all experiments 

also considered However, random histological sections of the muscle tissues 
used for extraction showed a complete absence of red blood cells after vivi 
perfusion It is also significant that on two occasions when samples of pigment, 
excreted by the kidneys below the renal threshold for blood hemoglobm, were 
remjected, after dialysis agamst water, the threshold values observed were 
identical with those origmally obtamed 
The figures m column 7 are the actually determined clearance rates obtamed 
m each experiment during the first period followmg the inyection of myohe- 
moglobm In all but one instance there was a drop m creatmme clearance 
durmg this mitial period below the average levels bsted m column 9 The 
values m column 8 represent the maximum myohemoglobm clearance, under 
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centrations (4) The estimated total amount of hemoglobm reabsorbed (Table 
H, column 9) is calculated from rates of tubular reabsorption so obtamed, both 
above and below the threshold, and the time required to clear the plasma of 
hemoglobm Graph D shows the excretion rate curves for dog 39-225, both 
mitially and after repeated hemoglobm mjections Both curves are parallel 
origmatmg at the respective threshold levels and it is apparent that a marked 
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hemoglobm containing radio-active iron, m one normal dog and m one with a lowered 
threshold 

Graphs A and C represent the rates of disappearance of hemoglobm from the 
plasma, and Graphs B and D show the curves relatmg the rates of renal excretion to 
plasma concentration 


dimmution m the theoretical reabsorption rate accompames the lowermg of the 
threshold 

Histologically, there were dense iron-stammg deposits of pigment m the 
epithehum of the convoluted tubules m the animals subjected to repeated 
hemoglobm mjections but no traces of uron-stammg pigment were seen m the 
normal group 24 hours after the mitial mjection The hemoglobm stam em- 
ploj'ed show ed a complete absence of red blood cells m the kidnejrs and m both 
groups of anunals there was a dehcate blue, finely granular haze visible m the 
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cytoplasm of the epithelium cells of the convoluted tubules Iron stammg 
pigment was not stamed by this method 
The fact that no iron-stainmg material was observed after the mitial mjec 
tion of hemoglobin m the normal dogs indicates that the pigment remammg m 
the kidneys is not markedly altered within 24 hours 

DISCUSSION 

The earlier observations on the lowering of renal thresholds for hemoglobin 
by repeated mjections have been confirmed and variations m the threshold have 
been related to plasma concentration From the foregoing experimental data, 
It IS apparent that this phenomenon is not associated with a cessation of tubular 
reabsorption as previously suggested by Newman and Whipple (5) Since in 
the early experiments dmiittshing doses of hemoglobm were given, it is possible 
that the relatively constant low threshold levels attamed were due to a lowered 
rate of tuhular reabsorption representing a state of equilibrium between the 
amounts of hemoglobm picked up by and removed from the tubular epithelium 
each da> 

If the concept of a constant rate of glomerular filtration and a rate of tubular 
reabsorption which reaches a maximum at the threshold (4) is correct, the 
parallelism between hemoglobm excretion rale curves, obtamed imtially and 
after lowering the threshold, mdicates that a dimmution m the rate of tubular 
reabsorption is responsible for the changes observed in the threshold level Un- 
der these conditions it is reasonable to suppose that a cessation of tubular reab 
sorption would coincide with a complete elmunation of the threshold How 
ever, when hemoglobin contammg radio active iron is injected, the kidneys of 
animals with lowered thresholds are found to have retained more hemoglobm 
products m 24 hours than the kidneys of normal animals 
As a tentative explanation to account for the discrepancy between the esti 
mated total tubular reabsorption and the actual amount of radio-active iron 
retamed by the kidneys, it is suggested that m normal animals hemoglobm is 
rapidly removed from the renal epithelium This would imply that when the 
threshold has been lowered by repeated daily mjections, the rates of both reab- 
sorption from the tubular lumma and removal from the tubular epithelium are 
dimmished, smee under these conditions the estimated and actual amounts of 
hemoglobm picked up are approximately equal 

It IS conceivable that the phenomenon results from some modification of 
glomerular permeability without alteraUon of the rate of tubular reabsorption, 
but definite proof one way or the other must await further mvestigations 

SUMUAXY 

A drop has been observed m the renal threshold for hemoglobm m dogs, of 
over 60 per cent, follow mg repeated injections daily It was not associated 
with a cessation of tubular reabsorption 
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Hemoglobin excretion rate curves, obtamed mitiaUy and after lowering the 
threshold, have proved to be parallel lines ongmatmg at the respective levels 
Hemoglobm contaming radio-active iron has been used to determine the 
amount of iron retamed by the kidne3is 24 hours after mjection 
The kidneys of normal animals retam slightly less iron than those of animals 
with lowered thresholds, despite the fact that the former group has a much 
higher estimated rate of tubular reabsorption 

It IS suggested that hemoglobm products are more rapidly removed from the 
kidneys of normal animals, followmg reabsorption, than from those of animals 
which have received multiple injections of hemoglobin 
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The work which is here reported was undertaken in part as an extension of 
our previous observations on the behavior of pox viruses m the respiratory 
tract (1, 2) and m part to determine whether or not fowl pox virus was capable 
of simulating the clinical syndrome of chickens referred to as roup Roup, 
which is also known by a variety of names as infectious catarrh, infectious 
rhimtis, and fowl coryza, is defined is a communicable disease of natural occur 
rence in chickens characterized by nasal and ocular inflammation which may or 
may not be accompanied by an outward discharge 
Even before the etiology of roup was cstabhshed a number of investigators, 
Harmg and Kofoid (3), Beach (4), Doyle and Mmett (5), were agreed that it 
was a distmct entity and unrelated to fowl pox Their evidence was mcom 
plete but was nevertheless significant smce reaprocal protection was not de 
monstrable We began an mvestigation of the syndrome m 1932 shortly after 
De Bheck (6) had shown that the influenza like bacterium now known as Eemo 
phtliis galhnarum was of etiological significance His work and ours (7-9), 
which led to the recognition of three clinical types of the disease, were likewise 
in agreement with these conclusions and afforded ample evidence that roup may 
occur naturally and be reproduced experimentally m the absence of fowl pox 
Much of the earher work was concerned with the skm inoculation of normal 
birds with nasal exudates from naturally infected chickens, fowl pox virus not 
mfrequently bemg demonstrable The actual nasal mstillation of virus sus 
pensions or of exudates was only occasionally undertaken, with scant reference 
to the results even though an ocular nasal form of fowl pox was recognized 
Our observations as outlmed m this paper are largely concerned with this route 
of mtroduction, nasal injections of fowl pox virus bemg made m the absence of 
the causative agents of roup 


203 



204 


POX VTRUSES IN THE EESPIEATORY TRACT IV 


Source and Achmly of the Vmis 

The strain of virus used in most of the following experiments was one ob- 
tamed locally in 1937 from a field case of fowl pox and mamtained thereafter by 
occasional skin passage in susceptible birds 

Salme suspensions of crusts or of the contents of vesicles produced typical pox 
when rubbed into the folhcles of the leg after removal of the feathers This method 
was always used for testing the activity of the vuus m the skm, 3 to 6 months old 
Rhode Island Red, Barred Rock, or cross-bred birds being employed Enlargement 
of the folhcles was generally observed on the 3rd day but nas occasionally delayed 
until the 4th day after inoculation The reaction progressed rapidly thereafter, 
reachmg its height on about the 7th day when the follicles were markedly nodular, 
often reddened at the base, and capped by a dirty white tip Retrogressive changes 
set m quickly and scabbmg frequently occurred without apparent vesiculation The 
area of inoculation covered 50 to 75 feather folhcles all of which were generally in- 
volved At the height of the reaction the mtervenmg skin between the follicles 
was sometimes thickened and on removal showed marked subcutaneous edema 
Later the entire area was often covered by a thick reddish brown crust Inoculated 
birds rarely shon ed any obvious generalized response to the virus 

In sections of the skin stamed vith phloxin-methylene blue there was an initial 
hyperplasia of the folhcular epithehum followed by necrosis and a widespread forma- 
tion of cell mclusions Most sections also showed a marked mfiltration of lympho- 
cytic cells around the follicles and also m the deeper layers of the skm In films of 
vesicular fluid impregnated with silver by the Morosow method elementary bodies 
were usually demonstrable m the roughly circular groupings which appear to be par- 
ticularly characteristic of fov 1 pox 

The activity of the Princeton virus was compared with that of a known strain 
of fowl po\ which was kmdly supphed by Dr F R Beaudette of the New Jer- 
sey Agricultural Experiment Station m New Brunswick, N J This virus had 
been carried through 49 transfers m embryonated eggs Each of the two fowl 
pox strains was tested by foUicular moculation m 3 chickens, with complete re- 
ciprocal protection There was also a reasonably close parallel, both quahta- 
tively and quantitatively, m the reactions produced by them Elementary 
bodies appeared to be somewhat more numerous m films from chickens in- 
oculated with the Beaudette stram 

Nasal Instillation of the Virus Propagated by Skin Passage 

Reaction in the Nasal Passages —The results of a prelunmary experiment in 
which S chickens w ere mjected mtranasally with a follicular suspension of the 
Prmceton fowl pox strain indicated survival for at least 15 days Although 
elementarj' bodies and specific mucosal changes characterized by epithelial hy- 
perplasia and mclusion formation were demonstrable, these findmgs were irreg- 
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uhr and the only certain test for the presence of vims was the cutaneous m 
oculation of a susceptible chicken with nasal washings 

The suspension used in this experiment was prepared from the 7th follicular pas 
sage of the virus The contents of about 15 pox were removed on the 7th day after 
inoculation and pooled m 5 cc of saline Small unmeasured amounts of the suspen 
Sion were mtroduced v-’ith a capillary pipette m the nasal passages of 8 birds by way 
of the palatine cleft The chickens used for nasal instillation were 2 to 3 months old 
and were usually younger than those employed for folhcular moculation The m 
fected birds v. ere held under quarantine m separate cages and killed m pairs on the 
10th, 11th, 14tb, and ISth daj’s At autop^ 5 of them shoived some thickening of 
the nasal mucosa but in only 2, killed on the 10th day, were pock like nodules ob 
served A thick mucoccUular matcnal was aspirated from the nasal passages with a 
pipette but there was little if any increase m volume ov er that removable from un 
infected birds The smuscs larynx, trachea, pharynx, and eyes were normal m all 
of the chickens and there was no discharge from the nares There were no symptoms 
of nasal imtation or of a generaliaed response to the vims nor any mdication of a 
subsequent mvolvement of the sUn 

Elementarj bodies w ere demonstrable m silver impregnated films of nasal washings 
from 6 of the mfected chickens (Fig 1) Sections from 4 of them showed epithelial 
hyperplasia and inclusion formation (Fig 2) Nasal washings from 2 killed on the 
10th and the 15th day, produced a typical skm reaction on foUicular moculation m 
susttptible birds 

Tranmtsston by Nasal Passage — ^Following estabhshroent of the virus m the 
upper respiratory tract of a susceptible chicken it was mamtained for 12 suc- 
cessive nasal passages at mtervals of 10 to 11 days In the last 7 passages the 
suspensions used for nasal instillation were also tested by skin inoculation, all 
of them containing sufficient virus to produce a typical folhcular reaction 

The mitial suspension was made from the 8th skm passage of the vinfs The sub 
sequent mocula were prepared by suspendmg nasal scrapings or the catarrhal material 
removed on aspiration m 2 cc. of salme The passages were earned out at mtervals 
of 10 to 11 days injection bemg by way of the palatme cleft 7 of the infected birds 
showed visible thickenmg of the nasal mucosa accompanied in one instance by erosion 
of the epithehal Iming of the turbinates Pox like lesions were not encountered but 
epithelial hyperplasia with inclusion formation was observed m sections of the nasal 
mucous membrane from 4 birds Sections from 3 showed some edema and cellular 
infiltration The eyes smuses and tracheas were agam normal and there was no 
discharge from the nares Elementary bodies were demonstrable in silver impreg 
nated of nasal washmgs from 10 of the 12 chickens The extent of the skin 
reaction m the birds which received a folhcular moculation of the nasal suspensions 
was mdicative of a moderate titer of virus, the number of mvolved follicles varvmg 
from 25 to 60 

Transmission by Direct Contact —The commumcabihty of the nasally estab- 
lished vims was determmed by contact experiments m which a susceptible bird 
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was placed m the same cage with one previously infected by nasal instillation 
Development of the virus m the upper aur passages of the mitially infected birds, 
9 m number, was mdicated by durect nucroscopic exammation or by subsequent 
protection tests There was no demonstrable transfer of the vuns from these 
birds to those m direct contact with them 

Three groups of chickens were used m this experiment 2 of the mitially infected 
birds were injected intranasally with nasal washmgs from passage 10 of the trans- 
mission senes 3 were similarly mjected with nasal washmgs from passage 11 of the 
same senes, and 3 with a suspension prepared from the 13th skin passage The 
susceptible chickens in Group 1 were placed m contact with the mfected ones on the 
2nd day after nasal mstillation, those m Group 2 on the 4th day, and those m Group 
3 on the 5th day The exposed birds m Group 1 were killed on the 9th day of con- 
tact, while those m Groups 2 and 3 were killed on the 14th or 15th day All of them 
remamed normal dunng the penod of exposure At autopsy the nasal passages of the 
exposed birds showed no apparent mvolvement, nor were elementary bodies demon- 
strable m silver impregnated films The feather folhcles of susceptible birds mocu- 
lated with nasal washmgs from each contact chicken showed no reaction during a 
penod of 2 weeks 

Protection against Follicular Inoculation — Nasal mstillation of the virus 
mamtamed by dermal passage or by nasal passage afforded complete protec- 
tion to a subsequent folbcular moculation None of the 9 bnds m this series 
showed any local reaction when fowl pox virus was mtroduced mto the skm 4 
to 6 weeks after the mitial nasal mstillation 

7 of the mfected birds from the contact senes and 2 additional ones w ere used m this 
experiment 3 were mjected intranasally wuth nasal washings from passage 11 of the 
transmission senes and were tested 47 days later by foUicular inoculation with a sus- 
pension made from the 13th skm passage A susceptible chicken was similarly mocu- 
lated at the same time 6 of the birds were injected mtranasally with the 13th skm 
passage suspension and were tested, together with a susceptible chicken, 31 days later 
wnth virus from the 14th skm passage The 9 birds w hich had received the initial 
nasal mstillation w'ere held under observation m separate cages and examined dail> 
for at least 2 weeks None of them showed ant involvement of the inoculated area 
dunng the penod of exammation In the 2 susceptible birds there was a typical 
local reaction w hich began on the 3rd dav and covered a wade area of skin 

Nasal Instillation of the Virus Propagated by 
Transfer in Enibryonated Eggs 

Reaction of the Virus in the Nasal Passages and Its Transmisnon —The 
Prmceton stram of fowl pox was established m the nasal passages of susceptible 
chickens followmg nasal mstillation of membrane suspensions from the 6th, 
34th, and 50th transfers m embryonated eggs and was subsequently mam- 
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tamed for 5 passages by the mjectioa of nasal washings In 10 of the 15 birds 
used m this senes there was no apparent mucosal reaction, elementary bodies 
v,ere not detectable, and the presence of virus was demonstrated only by the 
follicular inoculation of susceptible birds The concentration of virus m the 
nasal washings as indicated bj the number of follicles involved on submocula- 
tion tended to be low 

The virus was I'^latcd in a pure state, free of bacteria, and mamtamed for 50 trans 
fers by moculation of the chorioallantoic membrane of 10 day embryonated hen s 
eggs Pnor to inoculation the membrane was retracted by the Burnet method 
Approximately 10 per cent suspensions m saline were prepared by grinding the inocu 
lated membranes after mcubation of the eggs for3 to 4 days at 37*C At this time the 
chorioallantois showed a wnde, confluent or semiconfluent, central area of hyper 
plasia Typical fov,l pox inclusions were demonstrable in sections and elementary 
bodies m silver impregnated films The embryo was usually ahve and activ c 

2 chickens were moculated, one cia the palatine deft and one by way of the feather 
foBides, with suspensions of the dth, 34Ui and 50th egg transfers of the virus The 
3 birds which received the folhcular inoculation showed a t>pical fowl pox reaction 
which began on the 3rd day and mvolved 50 to 75 folhdes The virus which was 
established by nasal instillation was subsequently maintained for S passages by m 
jectmg a saline suspension of nasal w asbtngs at intervals of 10 or 11 days With each 
passage the foUides of a susceptible bird were inoculated with the same suspension 
used for the following nasal lostiUation One bird m each of the 3 passage series 
showed macroscopic involvement of the nasal mucosa riementary bodies were 
demonstrable m nasal Elms from one bird m each of the Erst 2 senes and from 2 birds 
of the 3rd senes In 8 of the birds inoculated dermally WTth nasal suspensions the 
reaction approximated that with skm or egg membrane suspensions 40 to 60 folhdes 
bemg mvolved In 7 of these birds there was a reduced reaction involving only 10 
to 30 folhdes 

Commumcabiltly and Prolechve Aclwi of the Virus — Susceptible chickens 
placed m direct contact with birds infected by nasal mstillation of the 34th 
egg membrane transfer and exposed to them for approximately 2 weeks showed 
no resultmg skm lesions nor was virus demonstrable m the nasal tract either by 
direct exammation or by follicular moculation A sufficient degree of immun 
ity to inhibit development of the virus m the feather foUides was not afforded 
by nasal mstillation of the egg membrane suspension The reaction wluch at- 
tended follicular moculation of the mitiallj infected birds, after a period of 6 
weeks, was however atypical and mdicative of partial protection 

The 34th egg membrane uspension used in these inoculations was made at a later 
date than that in the preceding experiment Rubbed mto the feather folhdes of a 
susceptible chicken it produced a typical reaction over a wide area There was no 
apparent involvement of the local mucosa on nasal mstillation nor were elementary 
bodies demonstrable m films Development of the virus was indicated, however by 
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a follicular reaction following the inoculation of nasal washings The titer of virus 
in the nasal suspension was probably low as only 20 follicles were involved 
A susceptible chicken was placed m the same cage with each of 3 birds on the 4th 
day after nasal mstiUation of the egg membrane suspension Contact was mamtamed 
through the 16th day when the exposed birds were removed and killed At autopsy 
there were no skm lesions, the nasal mucosa appeared normal, elementary bodies were 
absent, and nasal washings were mactive on follicular moculation in susceptible birds 
The initially infected birds were held for 31 days and tested by dermal moculation 
with a suspension of the 12th skm passage of the vuais Each of the 3 birds showed 
swellmg of the folhcles on the 3rd day but the reaction did not progress to the forma- 
tion of typical pox The folhcles were definitely nodular by the 5th day, as many as 
40 being mvolved, but there was neither congestion nor vesiculation The folhcles 
remamed nodular without scab formation through the 13th day when the chickens 
were kiUed 


TABLE I 


The Survival of Fowl Pox Virus in the Lung of the Mouse Following Nasal InsMlahon 


No of days to autopsy j 

No of mice 

No of mice with lung 
lesions 

No of vims recoveries 
from luns 

3 

14 

14 

14 

5 

1 

7 

5 

7 

11 

8 

4 

10 

1 8 

7 

0 


Nasal Inshllahon of the Vjrtis m Mice 

Mice injected mtranasaUy with egg membrane suspensions of fowl pox 
showed no symptoms mdicative of either a general or a local development of 
the virus At autopsy the mucous membrane of the upper respiratory tract 
appeared normal, there was no exudate m the nasal passages, and elementary 
bodies were not detectable m nasal w'ashings The specific virus was regularly 
recoverable, however, from the lung through the 3rd day after nasal instillation 
and irregularly through the 7th day Its presence was generally attended by a 
shght but readily recognized pulmonary reaction The number of virus recov- 
eries and of involved lungs at mtervals of 3, 5, 7, and 10 days is presented m 
Table I 

Etherized mice weighmg 15 to 20 gm were infected wnth the Prmceton stram of 
fowl pox virus by inhalation, the nose bemg held for 8 or 10 respirations m a Petn 
dish contammg a salme suspension of the virus Approximately 10 per cent sus- 
pensions of bactenologically sterile membranes removed from embryonated eggs on 
the 3rd or 4th day after moculation were employed They mcluded the 6th, 12th, 
34th, and 50th egg transfers The mfected nuce were kiDed on the 3rd to 10th da> , 
the nasal passages were exposed, and from some of them silver impregnated films were 
made of matenal aspirated with a capillary pipette The lungs were removed and 
exammed microscopically at a magnification of around 10 diameters They were then 
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ground with a Uttle saline after removal m some cases of a small piece for sectioning, 
m a glass tissue gnnder and suspended m several cubic centimeters of the same diluent 

All of the mfected mice were normal in appearance when brought to autopsy, their 
coats nerc smooth, and those killed on the 7th day or later had generally gamed m 
weight The onl> pathological change encountered at autop y was a shght reaction 
in the lung which wtis best observed under a dissecting microscope at low magnihca 
tion It resembled the reaction prcMously desenbed m the lungs of mice mfected 
mtranasally with variola virus (2) The lungs showed single or multiple patchy 
areas of solidification, grayish m color or tinged with pmk, which contrasted sharply 
With the pale foam> structure of the normal pulmonary tissue Histologicall> there 
was a marked mcrcase in the number of mononuclear cells and lymphocytes around 
bronchioles and blood vessels and in discrete islands just beneath the pleural surface 
or centrally located (Fig 4) In a few sections the alveoli showed mononuclear cells 
and erythrocytes Some of the brondiioles contamed desquamated epithelial cells 
but there were no cell inclusions The membranes of embryonated eggs moculated 
wth lung suspensions generall> showed discrete foa varying from 5 to 100 or more, 
mdicative of a low concentration of virus The membrane from an egg inoculated 
with the suspension of a lung remo\cd from a mouse on the 7th day after nasal instil 
lation IS shown in Tig 3 The submoculation of membranes with discrete foci re 
suited m a typical conduent or scmiconfluent reaction co\enng a ivide area 

DISCUSSION 

Fowl pox virus from active skin lesions was repeatedly established m the up 
per respiratory tract of normal chickens and recovered m mucosal washings for 
as long as 15 days after nasal mstiUation Multipbcation of the virus was 
dearly mdicated by its mamtenance for 12 successive host passages, the result 
mg dilution factor bemg much greater than the titer of the ongmal inoculum 
The experimentally infected birds showed no skm lesions and no external 
evidence of nasal or ocular mvolvement. The lack of conjunctival manifesta 
tions IS m contrast to the findings recorded durmg a natural outbreak of un 
complicated fowl pox in which 20 per cent of 50 chickens with skin lesions also 
showed unmistakable signs of ocular inflammation 

A specific mucosal reaction was only irregularly observed at autopsy Many 
of the mfected birds showed no evidence of nasal mvolvement although fowl 
pox virus was readily demonstrable Indeed the only certam test for the pres 
ence of virus was the activity of nasal washmgs on submoculation m the skm 
of a normal bird The nasal passages sometimes contamed a thick catarrhal 
material but frank exudation was rarely observed and the adjacent smuses 
were mvariablv normal The condition of the upper respiratory tract m the 
presence of fowl pox virus is very different from that m the presence of the 
causal agents of roup Natural or experimental roup mfection is frequently at- 
tended by a nasal discharge which with the coryza of slow onset may persist for 
weeks At autopsy a copious mucopurulent or catarrhal exudate is almost in 
variably present m the nasal passages and the smuses Birds mfected with 
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roup may or may not show ocular mvolvement, but if they do it occurs m con- 
junction with nasal mflammation and not as an mdependent manifestation 
Fowl pox vnus estabhshed in the upper air passages following nasal instilla- 
tion was readily transmitted by the passage of nasal washings but it was not 
transmitted by direct contact Development of the virus in the nasal mucosa 
IS not attended by an outward discharge and presumably the amount of virus 
which escapes by way of the nares is too small to infect an exposed bird The 
volume of moculum used experimentally contamed a relatively high concentra- 
tion of virus It IS probable that the nasal tract as such is of little significance 
m the spread of fowl pox under natural conditions It should be borne in min d, 
however, that m nature such factors as coexistmg infections, unfavorable 
dietary and climatic conditions, and stram differences might influence the 
outward and mward nasal passage of the virus 

The nasal establishment of fowl pox virus was attended by protection of at 
least 4 to 6 weeks duration agamst development of virus m the skm on subse- 
quent foUicular moculation The number of birds tested was too small, how- 
ever, to warrant any conclusions as to the constancy or duration of the protec- 
tion afforded by nasal immunization Doyle and Mmett (5) had noted earlier 
that the presence of fowl pox virus in the nasal passages of naturally infected 
birds did not necessarily result m protection agamst cutaneous moculation 

The precedmg observations were from chickens mjected intranasally with 
fowl pox virus from active skm lesions Virus propagated for as many as 50 
transfers m embryonated eggs was also established in the nasal tract and mam- 
tamed for a sufficient number of passages to mdicate multiplication In gen- 
eral the activity of the virus after carriage m fertile eggs appeared to be some- 
what less than that tested directly from the skm Elementary bodies were 
rarely demonstrable m nasal films from infected birds and mclusion bodies were 
not observed m sections of the mucosa Birds injected with the 34th egg 
transfer were not completely protected agamst development of the cutaneous 
stram on subsequent follicular moculation The number of birds tested was 
agam too small to be certam whether the failure to afford complete protection 
was the result of some change brought about by transfer m the egg or was sim- 
ply an expression of variabihty attendant on nasal immunization 

The behavior of the egg transfer stram of fowl pox vuus on nasal mstiUation 
m mice resembled that of variola virus (2) There were no attendant symp- 
toms and no apparent changes m the nasal mucosa The specific virus was 
recoverable, honever, from the lung through the 7th day, survival bemg ac- 
compamed by a shght pulmonary reaction 

SUMMARY 

Foul pox virus from active skm lesions vas estabhshed m the upper re- 
spiratory tract of normal chickens by nasal mstillation and mamtained for 12 
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successn e passages The nasal infection was not communicable by direct con 
tact but did afford protection, for at least 6 weeks, agamst subsequent develop 
ment of the \ irus m the skin 

Multiphcation of the virus in the nasal passages was only irregularly attended 
by specific mucosal changes and was not accorapamed hy the vigorous counter 
reaction engendered b> the causal agents of roup 
The same strain of \nrus on propagation in embryonated eggs also survived 
and multiphcd m the nasal tract but with somewhat reduced acti\ity, the 34th 
egg transfer faihng to afford complete protection Nasal instillation in mice 
was followed only bj a reaction in the lung from which the virus was recover 
able through the 7th daj 
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EXPLANATION OF PLATE 9 

Fig 1 Elementary bodies m silver impregnated jSlm of nasal washings from a 
chicken infected with fowl pox by nasal instillation X 1580 
Fig 2 Section of nasal mucosa showing epithehal hyperplasia and mclusion bodies 
from a similarly infected chicken Phloxm-methylene blue X 113 

Fig 3 Specific foci in the chorioallantois of an embryonated egg inoculated with 
lung suspension from a mouse killed 7 days after nasal mstillation of fowl pox virus 
X 1 15 

Fig 4 Section of a lung showmg cellular reaction m alveoh and around vessels 
from a similarly infected mouse Phloxm-metfaylene blue X 100 
The photographs were taken by Mr J A Carlile 
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are parasitized At the 72 to 96 hour period a preponderance of the microorganisms 
IS present within the cytoplasm of the endothehal cells hnmg the capillary plexus 
which directly underhes the ectoderm and also m those of many of the veins scattered 
throughout the mesoderm These mfected cells are distended enoimously and 
eventually burst The infection extends from cell to cell and m many instances the 
entire vessel wall is outhned with endothehal cells distended with microorganisms 
Dunng the earher passages m the membrane many of the mesodermal vessels exhibit 
a response to the presence of the bacilh which is characterized by endothehal cell 
proliferations which form papillary projections m the lumen at tunes causmg complete 
occlusion This response m many mstances is observed to be associated with the 
presence of a small number of bacilh within some of the endothehal cells Comadent 
with the invasion of mesodermal endothehum there is marked activity on the part 
of mononuclears and fibroblasts which form granulomatous nodules which are espe- 
cially promment about the blood vessels The centers of some of these granulomata 
undergo necrosis The microorganisms if present are seen withm fibroblasts or 
mononuclears at the periphery of these lesions and not in the mtercellular spaces or 
withm the necrotic areas at their centers In areas where mjury to the vessels has 
resulted m hemorrhage small numbers of bacilh multiply to some extent extracellu- 
larly but the preponderance of prohferation proceeds withm cells of mesodermal 
denvation Inflammatory reaction is shght, consistmg chiefly of large mono- 
nuclears and a few polymorphonuclear leucocytes Hemorrhage from damaged 
vessek is a promment feature The bacilh gam access to the allantoic fluid m which 
they proliferate and are m contact with the entoderm, but no mvasion of these cells 
occurs In embryos survivmg 5 to 6 days the membranal lesion consists almost exclu- 
sively of mesodermal granulomata The bacilh are not demonstrable m great 
numbers The factors responsible for this prohferative reaction on the part of 
the mesodermal elements are not understood at present 

The involvement of the endothehal cells hnmg the blood vessels leads to dissemma- 
tion of the infection to the embryo by way of the circulating blood Although the 
majonty of the embryos die dunng the 96 to 120 hour penod, presumably because 
of this blood stream mvasion, the survivmg embryos sacrificed at this time do not 
all show evidences of locahzation m the form of focal lesions associated with the 
presence of the bacilh In a significant number of embryos this does occur and m 
these mstances the infection proceeds by the localization of the bacdh ivithm cells 
of vanous organs and most prommently m the hver, kidneys, spleen, and myocardium 
Focal areas of necrosis begm to appear dunng the 48 hour to 72 hour stage m the 
hver and spleen In the hver many of the endothehal cells hnmg the smusoids and 
the hepatic parenchymal cells m these areas are greatly distended by large numbers 
of bacilh withm their cytoplasm In the spleen the smusoidal endothelium and 
espeaally the large mononuclears are filled with bacilh, apparently mitial to areas of 
focal necrosis The glomeruh of both meso- and metanephros stand out prommently 
because of the marked mvasion of their endothelial cells by the bacilh In the myo- 
cardium the focal lesions ongmate with the mvasion of capillary endothehum Pro- 
liferative and necrotic changes due to mvasion of vascular endothelium are present 
m vanous other organs and tissues 

In some of the embty os n hich survived 5 and 6 days follomng inoculation granu- 
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loniatous foci arc present ^\nthln the spleen There are areas of focal necrosis m the 
liver Perivascular granulomata are present in the meninges A proliferative epen 
dyraitis has also been observed Microorganisms have not been demonstrated in 
these lesions either zntra or extracelluhriy More observations and further detailed 
study will be required before the pathogenesis of these lesions can be eluadated 

Brucella abortus 

The observations on the behavior of this strain of Br abortus are limited to 
one passage m the chorio-allantois 

Embi>os infected by this route do not survive longer than 96 to 120 hours The 
gross characteristics of the mcmbranal lesion are mdistmguishabic from those pro- 
duced b> infection with Br suis 

MicroscopicaUj relatively slight reaction is observed m the chono-allantois until 
48 to 72 hours foUowmg moculation Practically no destruction of ectodermal epi 
theUum has taken pbee although man> of these cells are filled with microorganisms 
In comparuon uith Br suu the microorganisms of this strain are present to a grater 
extent withm mononuclears and fibroblasts of the mesoderm Invasion of vascular 
endothelium is marked but docs not constitute as promment a feature There is 
less destruction of endothelium and a proliferative reaction with the formation of 
endothelial thrombi is encountered mudi more frequently In the later stages of 
the infection there is marked pcnvascular prohfcration of fibroblasts formmg gtanu 
lomatous nodules 

Spread of the infection from the chono-allantois to the embryo occurs during the 
period from 48 to 72 hours This invasion is predominantly intracellular and can 
be observed to have spread along the endothelium of the large vessels leading from 
the membrane to the visceral vascular channels Marked involvement of the Uver, 
kidneys spleen and myocardium results Microorganisms prominently fill the 
cytoplasm of numerous endothelial cells linmg the sinusoids of the liver and the capil 
lanes of the kidney glomeruli Extension of the infection to the hepatic parenchymal 
cells predominates the generalized infection Focal areas of necrosis develop in the 
liver as a result of the parasitization of the cellular elements In the spleen the 
sinusoidal endothelium presents the primary focus of localization mth resulting focal 
areas of necrosis and fibroblastic proliferation The occasional lesions observed m 
the myocardium also appear to develop as the result of capillary thrombosis secondary 
to localization of microorganisms within endothelial cells 

Brucella mdttensxs 

This strain has thus far been studied through only one passage in the chono- 
allantois 

Embryos have not survived the infection longer than 90 to 120 hours after mocu 
lation The gross appearance of the lesion is characterized by swellmg and focal 
hemorrhages in the inoculated area within 24 hours Much more mflammatory 
reaction develops than with ^nwandjBr oftor/ttt and the infected membrane rapidly 
becomes opaque and thickened 
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eralization of the disease can ensue The chromcity of these infectious dis- 
eases might be well accounted for by the capacity of the microorganismsfor 
mtracellular growth, an environment which is generally regarded as uninflu- 
enced by immune substances and by most therapeutic agents That B tula- 
rense and different strains of Brucella show selective affinities for different t3?pes 
of ceils may be of epidemiological and certainly of patJiological significance 

P pestts exhibits less selectivity in its environmental requirements and pro- 
liferates with great rapidity m the tissue and circulatmg fluids The behavior 
of this microorganism m the embryo can readily be correlated with that de- 
scribed m the human disease (12) In respect to its relationship to the host 
cell It exhibits a large measure of mdependence It is evident from the ap- 
pearance of the microorgamsm which under certam circumstances is present 
withm the cytoplasm of ectodermal epithehal cells that the intracellular en- 
vironment is mimical rather than favorable to its growth As such it behaves 
as an extracellular parasite and this character combined with its adaptation for 
rapid proliferation and spread m various environments of this type differentiate 
it sharply from B iularense and the Brucella 

Although tularemia has often been designated as a “plague-hke disease” 
there is at present no agreement regardmg the systematic position of Bacterium 
iularense Bergey (13) classifies it as a Pasieurella tularensis and this designa- 
tion has been accepted by Holmes (14) and others Serological, cultural, and 
other considerations have led Francis (15) as well as Zmsser and Bayne-Jones 
(16) to place it m a semi-mdependent position as Bacterium iularense Topley 
and Wilson (17) state that it probably should be assigned to the Brucella group 

While the present observations are not considered to constitute a basis for 
classification they mdicate that m respect to its relation to the host cell B tula- 
rense exhibits a behavior like that of the Brucella rather than that of P pestts 
The capacity for mtracellular parasitism by P pestts has not been observed m 
either the natural or experimental hosts or m its insect vector and does not 
constitute a promment aspect of its behavior m the membrane This micro- 
organism IS much less selective m its environmental requirements tn mvo and is 
cultured much more readily on artificial media than are the Brucella and B 
Iularense 

Observations of this nature are primarily lessons m parasitism They more 
strictly mvolve problems of host-parasite relationship which are pertment at 
least durmg the early stages of the infectious process Comparative studies of 
this type m the chick embiyo m which the early stages of mfection are readily 
accessible should brmg out differences in behavior which may explam varia- 
tions w hich occur m the natural disease produced by different strams of those 
microorganisms m man and animals Thus from more extensive sun'eys it is 
to be hoped that a concept may be derived which would be more germane to 
the general problem of pathogenesis than has heretofore been possible 
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SUMMARY 

1 Comparison of the infections of chick embryos by the chorio allantoic 
route indicates that Bacterium iuhrense and Brucella suis, abortus, and mdt 
tcusts exhibit varying degrees of facultative intracellular parasitism Fasteur- 
ella pestis is adapted to rapid proliferation and spread m the mtercellular fluids 
^2 In the early stages of infection Bacterium Inlarense has a marked afiSmty 
for grovr th withm ectodermal epithehal cells Brucella suis and Brucella ahor^ 
tus differ m their selectivity for cells of mesodermal derivation and especially 
in their effect on vascular endothehum The stram of Brucella mehtensis 
studied IS limited m its mtracellular growth to ectodermal epithelium 

3 Many of the features characteristic of these infections m the natural hosts 
are reproduced m the chick embryo and its membranes 

4 The possible implications regarding the differences m behavior of these 
microorganisms m relation to the problem of infection and pathogenesis of 
these diseases are discussed 
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EXPLANATION OF PLATES 
Plate 10 

Fig I Chono-alkntois 24 hour mfection with B Udarense The infection at 
this stage is focal m character and limited to the ectoderm A shght amount of 
inflammatory reaction and a few hemorrhages are present m the mesoderm Weight’s 
stam X 120 

Fig 2 Chono-allantois 48 hour infection with B lidarcnse The mfection has 
spread to the entire ectodermal layer of which all the cells are parasitized There is 
necrosis of the underlymg mesoderm Most of the capillaries and small blood 
vessels are thrombosed Wnght’s stam X 250 

Figs 3 and 4 Ectodermal epithelial cells completely filled and distended with 
B ltdareme Wnght’s stam X 2000 

Fig S Qiono-allantois 96 hour mfection with Br sttis There is relatively 
shght injury to the ectodermal epithehum but the underlymg capillary bed is sharply 
outhned by the presence of the bacilh withm the endothehal Immg cells Wnght’s 
stam X 300 

Fig 6 Chono-allantois 96 hour mfection with Br suis Above are several 
parasitized ectodermal epithehal cells while directly beneath are endothehal cells 
Immg the capillary plexus, u hich are filled vath the bacilh Wright’s stam X 2000 

Fig 7 Chono-aUantois 72 hour mfection with Br sms A large mesodermal 
vem with necrosis and proliferation of the endothelial hnmg Wnght’s stam 
X 500 

Fig 8 Part of the endothehal Immg of vem m Fig 7 showmg the cells distended 
by the bacilh in their cytoplasm Wnght’s stam X 2000 
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Plate 11 

Pig 9 Chorioallantois 72 hour infection with jBr abortus A.n arterj' shoeing 
the papillao proliferation of the endothelium There is less destruction of endothe- 
hum than m Fig 7 Hematox} hn and eosin stain X 120 

Fig 10 Proliferative reaction of endothehal lining almost occluding a small 
vein in chono allantois follow ing infection with Br abortus, 72 hours Hematowhn 
and cobin stain X 550 

Fig II Liver from cmbno infected b)' way of the chono allantois with Fr abortus 
Man> of the endothehal cells lining the sinuses and the liver parench>mal cells are 
conspicuous because they are denselv packed with baciUi Wright’s stain X 225 

Fig 12 An endothehal cell lining a liver sinus filled with Br abortus Wright’s 
stain X 2000 

Fig 13 A liver parcnchvmal cell filled w ith Fr aftorpw Wright’s stain X 2000 
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THE ROENTGEN RADIATION OF PAPILLOMA VIRUS (SHOPE) 
II The Effect oe X Rays upon Pafilloua Virus in Vitro* 

By J T SYVERTON M D , G P BERRY, M D , and S L WARREN, M D 
(From the Departments of Bacteriology and Medicine (Radiology), University of 
Rochester, School of Medicine and Dentistry, Rochester, New York) 

(Received for publication, June 2, 1941) 

A benign, infectious, cutaneous tumor of rabbits, the Shope papilloma, is 
caused by a vims that upon moculation m either domestic or cottontail rabbits 
mduces papillomas with great regularity (1) These tumors are not infre- 
quently followed by cancers (2-6) On attempted recovery of the vims from 
these two varieties of rabbits, however, a marked difference in host reactivity 
becomes apparent, for the virus, which is readily recoverable from cottontail 
rabbits, is not recoverable, or but rarely recoverable, from domestic rabbits 
(1, 7-9) This findmg does not prove, of course, that the vims is absent from 
the papillomas of domestic rabbits On the contrary, some immunological 
evidence for its presence m such papillomas and m the cancers derived from 
them has been presented (10, 11) 

If a vims were not present m the cells of papillomas on domestic rabbits, such 
papillomas might be expected to react to Roentgen radiation as non infectious 
tumors do This, indeed, has been shown to be the case (12) On the other 
hand, if a vims were contamed m the tumor cells, the outcome following irra 
diation might be expected to be quite different Obviously, therefore, it is im 
portant to learn the effect of Roentgen radiation on the virus itself Data 
bearmg on these pomts have been briefly recorded by Lacassagne (13) and 
ourselves (14, 15) The work from our laboratory that dealt with the effects 
of Roentgen radiation on papillomas in vtvo has been amplified by further ex 
perimentation and presented m full (12) It was concluded that the curative 
effect of X ra)^ on domestic rabbit papillomas (Shope) results from the direct 
action of the Roentgen radiation on the rabbit's cells rather than on the vims 

The studies described m the present paper deal with the effect of Roentgen 
radiation tn vitro on cell free suspensions of papilloma vims derived from cot 
tontail rabbits The experiments were designed to determme the dosage nec 
essary to render papilloma vims non infectious for both cottontail and domes- 

* The present mvestigation was aided in part by grants from The Jane Coffin 
Childs Memorial Fund for Medical Research and the International Cancer Research 
Foundation 
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tic rabbits They were planned, also, to detect any manifest alterations, if 
such occurred, m the characteristics of papillomas that were mitiated by irra- 
diated virus 


MaUrtals and Methods 

Virus — ^The papilloma vuais (Shope) was obtained from papillomas that had been 
mcurred under natural conditions in Kansas by cottontail rabbits (genus, Sylvtlagiis) 
Immediately after the removal of papillomatous tissue from the rabbits, it was thor- 
oughly tnturated with Locke’s solution and alundum* to yield a 10 per cent solution 
This suspension was centrifuged honzonUlly at 1500 r p ii for 30 mmutes and the 
supernatant flmd wnthdrawn by means of a pipette Care was exercised not to dis- 
turb the sediment and to leave behmd the debns floating on the supernatant fluid 
The collected fluid was then subjected to three successive centrifugations at 14,000 
R p ir (relative centrifugal force at tip of tube approxunately 25,000 X gravity) m 
the Sl°-angle head of the Multispeed Attachment for the International centrifuge, 
the sedimented matenal bemg discarded after each run The final supernatant fluid, 
either without further treatment or after passage through a Berkefeld V filter, was 
used as the suspension of virus to be irradiated Smce filtration often results in a 10- 
fold decrease in the titer, the suspension was not filtered m the present work, except 
m the first two experiments 

Method of Radiation — The suspension of virus to be irradiated was transferred to 
a sterile Petn dish, 4 cm m diameter and 8 mm m depth To prevent contanunation 
and evaporation, the dish was covered by a sterile piece of emulsion-free dental 
x-ray film This film was used because it has essentially no filtenng effect upon 
the x-rays The dish was placed on a small, lead-covered table that rotated slowly 
under a shielded, water-cooled radiographic tube especially adapted to this purpose 
Dunng irradiation, at mtervak computed to yield the dosages desired, the suspension 
of virus was mixed thoroughly and 0 5 ml samples were removed for testmg The 
irradiation of any given sample was contmuous The use of the loosely covered Petn 
dish made it unnecessary to shield the suspension from the radiant energy of the 
filament, for the temperature of the suspension was never found to exceed the tem- 
perature of the laboratoiy by more than 3°C throughout the entire penod of irradia- 
tion 

The Roentgen ra5rs were generated by a current of 40 milhamperes at 90 kilovolts 
The radiation, which was unfiltered, was admmistered at a distance of 6 cm from the 
center of the target to the center of the Petn dish, a pomt 4 mm from the bottom of 
the dwb Although entirely accurate measurements of dosage at this short distance 
and high output proved to be diflucult, a Victoreen r-meter, calibrated for 90 kilo- 
volts, was used to determme the dosage The ionization chamber (I cm in diameter) 
of the cahbrated Victoreen instrument was placed horizontally m a Petn dish This 
Petn dish was identical with the one used for the suspension of virus, except that one 


1 Alundum, an dectncaUy fused oystalhne alumina prepared by the Norton Com- 
pany, Worcester, Massachusetts, was used because of its excellent "cuCtmg” qualities 
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Side was chipped out to permit the chamber to rest m it To reproduce the conditions 
of the actual test still more closely, a cover of emulsion free dental x ray film was 
placed over the container Thus the otnditions for the measurement of dosage 
V, ere the same as for the actual tests except for a possible scattering of the x rays by 
the suspension of virus To measure the output of radiation the radiographic tube 
was centered above the ionization chamber at distances of exactly 96 cm , 24 cm 12 
cm , and 6 cm respectively Short exposures were controlled by a radiographic m 
terval timer The output of radiation, including back scattermg was measured for 
each experiment The readings showed htUe or no deviation from 10,400 r units per 
minute at a distance of 6 cm Although the inverse square law may not hold at \ ery 
close distances, the actual readings that were obtamed at a distance of 6 cm corre 
sponded to the theoretical readings calculated by means of the inverse square law 

In an effort to render successive doses of x Ta> s as comparable as possible, all 
geometnc factors were kept approximatcl> constant The only variables were the 
Ie\el of the suspension of virus in the Petn dish and the time of exposure which was 
measured in seconds by both a timer and a stop watch The error m the measurement 
of dosage was approximately ±5 per cent The difference in dosage that was re- 
ceived at the top of the suspension and at the bottom, a difference of 8 mm , was 
calculated by the mverse-square law to be 7 5 per cent Since the physical limitations 
of size make such changes m dosage unavoidable, however the doses as given are com 
parable for the factors as specified 

AmmaU — 130 adult rabbits were used in the present study 16 cottontail rabbits 
{Sylnlagtis flondamts alacer Bangs ) from Kansas provided the virus for irradiation, 
39 cottontail rabbits {Syli^agtis Jlortdanus truomn Allen*) from New York and 75 
domestic rabbits (genus Oryciolagtts) ser\cd as host animals for testing the mfectivzty 
of the irradiated samples of virus The domestic rabbits were employed to determme 
the titer of the suspensions before irradiation and to measure any loss m titer that 
might follow irradiation The cottontail rabbits made it possible to determme the 
* viabihty” of the \irus m each irradiated sample smee papilloma virus is readily 
recoverable from this host 

Techntqtte for Meoiiirtng the VtabUtiy' and Tiler of the Irradiated Virns — ^After 
exposure to each of the specified doses of x rays, a 0 5 ml sample of the suspension of 
virus was withdrawn and diluted wnth Locke s solution to yield a senes of decimal 
dilutions through 10® Each dilution was used for duplicate tnpheate, or quadru 
pheate inoculations made by rubbing 0 1 ml on a previously prepared hghtly scarified 
cutaneous site (approximately 2 cm m diameter) on the ventral surface of the body 
The size of the rabbit determmed the number of sites Domestic rabbits readily 
accommodated 16 rectangular areas, 4 cm square cottontails from 8 to 12 such 
areas The rabbits w ere observed at intervals of from 2 to 7 days for a penod of 60 
days a procedure that permitted a satisfactory assessment for viabUity*' and titer 
of each sample of irradiated vims 

* It IS a pleasure to thank Mr George G Goodwin of The American Museum of 
Natural History New York City, for making the specific allocation of the cottontail 
rabbits used 
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indicated in Table in The virus in each sample was tested as m Expenment 2 by 
the inoculation of 4 animak, 2 cottontail rabbits and 2 domestic rabbits 

The results of the thurd experinaent are set forth m Table m Dosages of 
less than 2 milhon r had no observable effect, 2 million r probably had elicited 
some effect, as shown by some prolongation of the mcubation period and possi- 
bly by a 100-fold loss m titer, and 3 milhon r, or more, resulted m from a 10- to 
100,000-fold loss m titer and m a change from an mcubation period of 12-32 
days to 15-34 days The effect of 4 milhon r was more pronounced FmaUy, 
5 million r mactivated most of the virus, for only a single cottontail of the 4 


TABLE m 

The ResuUs of Single Massive Doses of X-Rays Ranging from 500,000 to 7 Million r on a 
Suspension of Papilloma Virus 


Dosage in 
thousands of r 

1 No of rabbits used to test 
* viability * and titer of virus 

Incubation 

period 

Titer 

Probable loss in titer 


Cottontail 

Domestic 



SCO 

1 

2 

days 

12-23 

10^-10* 

0 - 

1000 

2 

2 

15-23 

lOMo* 

0 

2000 

2 

2 

15-23 

10* 

0-100 fold 

3000 

2 

2 

15-26 

lOL-lO^ 

10-10,000 fold 

4000 

2 

2 

26-34 

10' 

100-10,000 fold 

5000 

2 (2)* 

2(1) 

26 

10' 

100-1 0,000 fold 

6500 

2(2) 

2(2) 

— 

— 

1000-100,000-fold 

7302 

2(2) 

2(2) 

— 

— 

1000-100,000-fold 

Control 


2 

15 

10*-10* 



* Numbers in parentheses signify the number of rabbits that gave no reaction following the 
monilation of irradiated virus 


cottontail rabbits that received virus irradiated with this dosage reacted to the 
undiluted material (at only 2 of 4 sites) Doses of approinmately 6 and 7 mil- 
hon r were uniformly effective m mactivatmg the virus Virus was regularly 
recovered from the papillomas mduced on cottontail rabbits 

In evaluatmg the effect of irradiation m the thurd experunent, it should be 
noted that one of the domestic rabbits employed to titrate the suspension of 
Aurus for irradiation responded to the virus m a normal manner, while the other 
was relatively refractory to infection, as mdicated by the low titer and hy the 
fact that the papiUomas regressed completely soon after their appearance 
Such a regression rarely occurs m the domestic rabbit within 6 weeks* An 

* The decreased reactivity of one of these 2 domestic rabbits to infection by the 
inrus may possibly be attnbuted to an mcreased tissue resistance, for the neutraliaing 
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initial titer of lO^, therefore, would probably represent the infectivity of the 
material more closely than 10* 

A fourth experiment was undertaken to determme the reproducibihty of the 
results obtamed m Experiment 3, usmg a different preparation of virus 

Expcnmenl 4 — A suspension of the vinis was irradiated continuously untiTa dosage 
of 14,325,000 had been reached During the period of irradiation, 4 samples repre- 
senting dosages of 1 500,000 r, 5,025 000 r, 13,875,000 r, and 14 325,000 r were with 
drawn and tested, as indicated in Table IV The virus m each sample was tested as 
\n Experiment 2 by the inoculation of 4 animals, 2 <x>ttontail rabbits and 2 domestic 
rabbits Three of the 4 cottontail rabbits used to test the samples of virus irradiated 

TABLE IV 


Tht Results of StngJe Massive Doses of X Rays Ranpngfrom IS to 14 MtUton rona Suspension 
of PapiUoma Vtrus 


DosMeeln 
thom&nds of r 

No of rftbblu oted to test 
viibiJit]' 
and Uter of virtu 

tncubalion 

1 period 

Titer 

Probable loss In titer 


Cottontail 

'< Domestic 





0 

1 

2(1) 

2(2) 

2 

2(1)- 

2(2) 

2(2) 

^yt 

u 

30-41 

30 

lOMO^ 

10* 

0 

0-10 000-fold 

10 000-1 million fold 
100 000-1 million fold 

Control 1 

0 

3 

10-13 

10“-10» 



* Numbers m parentheses signify the number of rabbits that gave no reaction following the 
mocnlation of irradiated virus 


with 1 500,000 r and 5,025,000 r died from extraneous causes before papillomas de 
veloped. 

The results of the fourth expenmeut are summarized m Table IV It may 
be seen that the results obtamed m Experiment 3 w ere confirmed and extended 
A dose of a milli on and a half r was without obvious effect A dose of 5 million 
r, on the other hand, resulted m a significant loss of mfectmty (from 10,000- to 
1,000,000-fold) and m a prolongation of the mcubation period (from 10-13 days 
to 30-41 days) Moreover, papillomas were mduced on only a smgle rabbit of 
the 4 that received material irradiated with the enormous dosage of almost 14 
milli on r On this smgle animal, furthermore, papniomas appeared at but 2 of 
the 4 sites moculated, and then only after a prolonged mcubation period of 30 

capaaty of sera withdrawn from the 2 anunals before moculation was identical as 
was the capacity of similar samples withdrawn 60 days after mjection Nevertheless, 
the papillomas on one rabbit had regressed completely withm 40 days whereas those 
on the other rabbit grew progressively as usual 
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days (Because this positive finding concerns a single annnal only, one must 
not overlook the possibility that it may have been exceptional ) With the next 
larger dose, over 14 million r, no reaction m any of the injected rabbits was 


(/) 

=) 10*6 

> 10*5 
U. 

O ,q-4 

— 10*5 

f- 

< 

(H 10*2 


• : 

• • 


END-POINTS OF TITRATIONS 
ON 10 CONTROL RABBITS 

ON 3 » 10*6 
" 6 ■ 10*5 
" I = 10*5 
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o 

z 

o '■ 

O 0 


A tx % 

il 

I 2 3 4 5 6 7 8 13 K 15 

DOSAGE IN MILLIONS OF P UNITS 


SUMMARY 

NUMBER OF RABBITS DEVELOPING PAPILLOMAS 

24424 4 4 3 22 12 

24424 4 4 7 44 44 

■ J { 

0 1 2 3 4 5 6 7 8 13 14 15 

dosage in millions of r units 

Text-Fig 1 The effect of Roentgen radiation on the infectivity of papilloma virus 
in cell-free suspensions Each dot shows the highest titer attained on an individual 
positive rabbit The concentration of the virus is plotted agamst the dosage of x-rays, 
a concentration of 10"* equallmg a 10 per cent suspension of tumor tissue In the 
summary at the bottom of the figure, the lots of anunals moculated with each sample 
of irradiated virus are recorded as the denominators of the fractions, those developing 
papillomas as the numerators 

noted Virus was regularly recovered from papillomas mduced m cottontail 
rabbits 

When the four experiments were considered collectively, it was evident that 
large doses of Roentgen radiation result in a low ered titer, a prolongation of the 
mcubation period , and a decrease m the size attained by the papillomas These 
effects are readily apparent when the results that follow irradiation with graded 
doses of from 100,000 to 14 milhon r are depicted graphically In Text-fig 1 
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BARS REPRESENT HEIGHTS OF LESIONS 
OVALS ” AREAS «* '* 

SCALE ■ ^ V— 

ECU 

Text Fig 2 The sizes attained by papillomas on cottontail rabbits moculated 
with irradiated papilloma virus Each rectangular area of the figure represents an 
mdividual rabbit (except m the case of the controls) The effect of the i rays in 
decreasing the size of the tumors is apparent 

the loss in the infective capacity of the virus that occurred when the dosage of 
radiation was mcreased is graphically shown (The results of Experiment 1, 
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the preliminary experiment, are not mduded ) It may be noted that a demon- 
strable effect on the virus was not ehcited until the dosage had reached 1 mil- 
hon r With mcreasmg dosage, the reduction m the mfective titer vas pro- 
gressively greater In Text-fig 2 the progressive decrease m the size of the 
tumors that resulted from the moculation of the irradiated virus (m 10 per cent 
suspension) is shown The effect on the size of the papillomas follow mg suc- 
cessively greater dosages of x-rays is obvious Other variations from norma 



INCUBATION PERIOD IN DAYS 

Text-Fig 3 The effect of x-rays m prolonging the penod of time between the 
moculation of rabbits with irradiated papilloma virus and the appearance of the 
tumors The dosage of x-rays is plotted against the mcubation penod 

accompamed the progressive decrease m the size of the tumors Thus, the 
mcubation period was prolonged from 10 to 41 days, as shown m Text-fig 3 
(In this text-figpre, as m the others, the graphs necessarily represent approxi- 
mations, for the variation that characterizes the host-virus relationship renders 
a more precise representation impossible ) Although it is difficult to measure 
it IS our unpression that the “\Tabihty” of the papilloma cells may have been 
affected when the \Trus used for moculation had recen ed large doses of x-rays, 
for the resultant tumors frequently w ere dry' and regressed early Such tumors, 
ne\ ertheless, when present on cottontail rabbits, regularly yielded virus 
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DISCUSSION 

In the present experiments the results have clearly shown that cell free sus- 
pensions of papilloma virus (Shope) require for then: complete mactivation 
amounts of Roentgen irradiation much greater than those needed to mactivate 
other infectious agents These amounts, milhons of r imits, are se\ eral thou 
sand times greater than those requned to bring about the permanent regression 
of tumors mduced by the virus m domestic rabbits (12), and they are many 
tunes greater than those needed for the mactivation of certam other viruses, 
bacteria, and a yeast (14) The reason for this greater resistance to x-rays is 
not known 

Friedewald and Anderson (16) have recently reported studies that appear to 
be similar to ours Thej found that papQloma virus, when contamed m Berke 
feld filtrates, is mactivated by from 2 to 4 milhon r, whereas preparations of 
virus partially purified by repeated differential centrifugations require only 
from 400,000 to 800,000 r for mactivation They attribute this difference to 
the greater concentration of extraneous material and virus m Berkefeld filtrates 
Quite possibly the same explanation might account, at least m part, for the 
larger doses that were required m our mvestigations It seems not unhkelyi 
however, that the differences in the results obtamed by Fnedewald and Ander 
son and by us were caused m part by differences m the methods of uTadiation 
and m the animal hosts used for testing the irradiated samples of virus We 
used contmuous irradiation and employed only a single x ray tube Each if 
radiated sample o! virus was tested for ‘Viability" and titer usmg domestic 
and cottontail rabbits It should be remembered that the cottontail rabbits 
used for testmg the irradiated samples were of the Eastern subspecies {Synlagiis 
Jlondantts mearnst Allen), a host that is uniformly highly susceptible to the 
virus As a rule, it reacts more profusely and to a higher titer with a given 
sample of virus than do either domestic rabbits or Western cottontail rabbits 
{Sylvilagtis flondanns alacer Bangs) Papiiiomas mduced on the Eastern cot 
tontail rabbit, furthermore, readQy yield virus for further study It should be 
noted, finally, that it was on this host that papillomas were produced with the 
samples of virus irradiated with the greater dosages 

It IS apparent from the present work that the Roentgen irradiation of materi 
als contammg papilloma virus provides a method whereby bacterial mvaderS 
can be ehmmated from papillomatous material The bacteria will be de 
stroyed by 2 milhon r without observably mjurmg the papilloma virus The 
same procedure may be useful m hmitmg extraneous viruses, for se\eral are 
known to be inactivated by this amount of irradiation (14, 15) Usmg these 
large doses of x rays, the treatment of the cancers that often follow the papil 
lomas are providmg us currently with a further approach to the study of the 
r61e of papJloma virus m the papilloma to-caremoma sequence. 
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CONCLUSIONS 

Cell-free suspensions of papilloma virus (Shope) required for their mactiva- 
tion tM mtro amounts of Roentgen irradiation that are much greater than those 
needed to mactivate other infectious agents previously described These 
amoimts, millions of r umts, are several thousand times greater than those re- 
quired to eradicate permanently papillomas mduced by the virus m domestic 
rabbits Large doses of Roentgen radiation reduce the titer of papilloma virus, 
lengthen the period of time between moculation and the appearance of papillo- 
mas, and decrease the size attamed by the papillomas 
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Holtz (1, 2) and Bing (3, 4) showed that the anaerobic incubation of extracts of 
the renal cortex wth ammo acids converted these substances mto their correspondmg 
ammes The presence of the arames was demonstrated by their effect on the blood 
pressure of the cat or by their chemical isolation (1, 2) Holtz demonstrated that the 
ammes were produced from ammo acids by the action of decarboxylatmg enzymes 
contamed m the renal cortex The reaction occurred only under anaerobic conditions 
When the incubation was earned out m the presence of 0x5 gen the amino acids were 
converted, probably by deammization, into substances differing pharmacologically 
and chemically from anunes Holtz et at (5) and Bing and Zucker (4) found that the 
ammo aad decarboxylases were specific for certam ammo acids and varied with the 
animal species 

Bmg (3) demonstrated that the isolated ischemic kidney of the cat perfused tn 
with blood contammgWopa (Wibydroxyphenylalamne) transformed this ammo 
aad mto hydroxytyramme b> decarboxylation Smee this amine in contrast to 
dopa, is a pressor substance it was possible to demonstrate its presence by the mjec 
tion of the perfusion fluid into a cat The amount of amin e produced by the kidney 
vaned mversely as the rate of blood flow Only neghgible amounts of pressor sub 
stance were found m the perfusate when the renal blood flow was normal 

It IS generally believed that in experimental hypiertension the kidney elabo 
rates a substance causing arteriolar constriction The conditions under which 
the pressor substance is formed are believed to be renal ischemia (6) or a reduc 
tion in the renal pulse pressure (7) TTic fact that the ischemic kidney converts 
dopa, which has no effect on the blood pressure, mto a pressor substance, pre- 
sumably hydroj^tyramine, suggested that renal decarboxylation might play 
some part m the etiology of hypertension The purpose of the present mvesti 
gallon was to ascertam whether or not hypertension could be produced m 
animals by the intrarenal conversion of dopa into a pressor substance 

Methods 

In all experiments cats anesthetized with nembutal (39 mg per kilo body weight, 
mtrapentoneally) were used The Lidne}^ and their pedicles were exposed retro- 

• Part of this paper was presented before the American Physiological Soaety, 
Chicago 1941 


235 



236 


RENAL HYPERTENSION FROM AN AMINO ACID 


pentoneally In some experiments the colkteral circulation through the capsule and 
ureter was left mtact, m others it was destroyed by freemg the Lidney from the peri- 
toneum and fat, tymg and cuttmg the ureter, and dissecting the pedicle No attempt 
was made to leave the renal nerves mtact Complete renal ischemia was achieved 
by the application of serrefines to both renal pedicles for a penod of from 2 to 4 hours 
Dopa was mjected mto the left kidney, the nght kidney serving as a control Partial 
ischemia was created by placmg a Goldblatt damp (8) on the left renal artery The 
nght pedide was clamped throughout the experiments and dopa was injected mto the 
left kidney From 10 to 50 mg of kdopa (i-dihydroxjiphenylalanme)^ dissolved m 
3 to 5 cc of Ringer’s solution were used, m the majonty of expenments 10 mg in 3 
cc were mjected The solutions v ere freshly prepared 

Two alternative methods of mjectmg the dopa solution were employed In some 
instances the fluid was mjected by syrmge through the renal capsule mto the kidney 
tissue, m others mto the renal blood supply through the aorta In the latter method, 
the renal vein and the aorta above and below the ongm of the renal artery nere 
damped with serrefines The dopa solution was mjected mto the left renal artery 
through a 26 gauge needle mserted mto the lumen of the aorta below the renal artery 
After the mjection, a third clamp was placed on the aorta proximal to the site of the 
mjection and the needle was withdrawn The serrefine on the aorta above the renal 
artery was removed to wash the dopa solution mto the kidney and 20 seconds later 
the renal artery was clamped Immediatdy afterwards the remammg damps on the 
aorta were removed The aorta was compressed for 5 mmutes with a gauze tampon 
to prevent hemorrhage from the pomt of injection The circulation through that 
vessel was then reestablished A shghtly different procedure which w ill be described 
below was employed m the expenments on the partially ischemic kidney 

The rdease of the pressor substance formed from dopa was detected by its effect 
on the blood pressure, measured from the carotid artery by a mercury manometer 

EXPERIMENTAL 

ExpermciUs on the Complelely Ischemic Kidney 

Thirteen expenments were performed to investigate whether the completely 
ischemic kidney is able to convert dopa into a pressor substance 

Dopa was either mjected mto the substance of the left kidney or into the blood 
supplj of that organ through the aorta 2 to 4 hours after the blood supply had been 
mterrupted, measurement of the blood pressure w as started The damp was removed 
from the pedide of the unmjected kidnej, restoring its circulation 10 to 15 mmutes 
later the circulation to the mjected organ was similarly reestablished 

In ever}’- instance the removal of the clamp from the pedicle of the kidney 
contaimng the dopa solution was followed by a rise in blood pressure (Fig 1) 
The peak of the pressure rise w as reached w ithin 2 mmutes after the restoration 
of the circulation The elevation varied from 15 to 115 mm Hg (Table I) 
The w ide v ariation w as probabl}'' due to the loss of small amounts of dopa solu- 

^ Hoffmann-La Roche, Inc. 
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TABLE I 


Espenments on the Completely Ischemtc Kidney 


Bate 


Control kidney 



Injected kidney 


Collateral 

circulatiOD 

Buration of 
Uebenua 

Rise in 
blood 
pressure 

Dopa 

in 

jeeted 

Injected 

into 

Duration of 
ischemia 

Rise ia 
blo^ 
pressure 




Ut 

•»r 



mm Ug 

12/ 6/40 


5 hrs 6 min 

35 

SO 

Aorta 

and 

tissue 

4 hrs , 30 mm 

40 

12/ 7/40 


2 hrs 50 mm 

5* 

50 

Aorta 

and 

tissue 

2 hrs 45 mm 

85 

1/25/41 

Present 

3 hrs 8 mm 

10 mm 
faU 
then 
100 
mn^ 

nsef 

10 

Aorta 

2 hrs., 55 mm 

10 mm 
faU 
then 

100 

mm 

nse 

1/27/41 
2/ 4/41 

Absent 

Absent 

4 hrs 

4 hrs 17 mm 

45 

UO 

10 

Aorta 

4 his 

18 

2/ 6/41 

Present 

2 hrs 42 min 

30 rom 
fall 

10 

Tissoe 

2 hrs , 45 min 

15 mm 
fall 
then 
30mm 
nse 

If 6/41 

Present 

2 hrs. 3(7 mm 

15* 

IQ 

Tissue 

SO min 

45 

V 7/41 

Present 

3 hrs , 20 min 

0 

10 

Tissue 

3 hrs. 8 mm 

20 mm 
fall 
then 

80 mm. 
nse 

2/10/41 

Absent 

3 hrs 

5* 

10 

Tissue 

2 hrs 49 mm 

115 

2/11/41 

Absent 

3 hrs 30 mm 

10* 

10 

Tissue 

3 hrs. 13 znin 

95 

2/11/41 

Absent 

3 hrs. 6 mm 

0 

10 

Tissue 

2 his , 53 min 

Ot 

2/22/41 

Absent 

3 hrs 4 mm 

0 

10 

Tissue 

1 hr 43 mm 

20 mm 
fall 
then 
75nua, 

nse 


• Rises occurred within 8 seconds probably due to increase m blood volume 
t Dopa probably reached the kidney through its collateral orculation 
t Cuailation could not be reestablished amce a dot had formed m the renal artery 


tion during the injections or to differences in the ability of the kidneys to de- 
carboisylate dopa 

In eight experiments the reestablishment of the circulation to the uninjected 
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from dopa was identical with hydioxytyramme since (a) Holtz crystallized this 
amme after the anaerobic mcubation of renal cortical extracts \vith dopa, (b) 
the kidney formed a pressor substance durmg 3 hours of ischemia only when 
dopa was present, (c) the pressor substance formed from this ammo acid was 
heat-stable and ultrafilterable, and (d) its effect was potentiated by cocaine 

Experiments on the Partially Ischemic Kidney 

A series of 40 experiments was performed to mvestigate whether the partially 
ischemic kidney could transform dopa mto the pressor substance In 29 ex- 
periments the dopa solution was m 3 ected mto the left kidney through the aorta, 
mil cases, mto the renal parenchyma The contralateral kidney was clamped 


TABLE m 

The Efect of Cocaine on the Pressor Substance 


Date 

Renal pedicle undamped 
before the injection of cocaine 

Renal pedicle undamped after the injection of cocaine 

Duration of 
ischemia 

Rise in 
blood 
pressure 

Duration of 
ischemia 

Rue in blood pressure 

1/10/41 
1/10/41 
1/20/41 
1/21/41 
4/ 1/41 

2 hrs , 28 mm 

2 hrs , 22 mm 

2 hrs., 12 mm 

3 hrs , 11 mm 

3 hrs , 30 mm 

nm Eg 

55 

20 

25 

10 

30 

2Iirs ,42 mm 

2 hrs, 17 mm 

2 hrs , 8 mm 

2 hrs , 58 mm 

3 hrs , 30 mm 

mm Eg 

65 

75 

20 mm fall then 90 mm nse 

40 

40 


m every instance to avoid the destruction of hydroxytyramme which occurs m 
kidneys with normal blood flow (3) 

In 29 experiments the nght renal pedicle or the right renal artery alone was clamped 
with a serrefine The left kidney and its pedicle were exposed and the abdominal 
aorta was dissected for approxunately 1 cm on either side of the ongm of the renal 
artery A Goldblatt clamp wms placed on the renal artery, but was not tightened 
untd after the mjection of the dopa solution Serrefines were placed on the renal 
vem and on the aorta above and below the ongm of the renal artery 10 mg of dopa 
dissolved m 3 cc of Bulger’s solution were mjected through the aorta as descnbed 
above The serrefines on the aorta w ere removed and the aorta was compressed with 
a gauze tampon untfl bleedmg from the pomt of mjection had ceased The Goldblatt 
damp was then adjusted to obtam partial renal blood flow Finally the serrefine on 
the renal \ p'n was remov ed Compression of the aortic w ound made complete renal 
ischemia lastmg from 2 to 13 mmutes unavoidable 

In some instances one animal was used for a senes of injections Control expen- 
ments m which Rmger’s solution instead of dopa was mjected were performed m a 
similar fashion 
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In 15 instances the injection of dopa into the renal artery was followed by a 
rise in blood pressure averaging 100 mm Hg (Table IV) In 11 of these ex 
perunents the curves obtained were steep and the peaks were reached 40 seconds 
after the partial restoration of the renal blood iloiv In one instance in which 
4 minutes elapsed between the injection of the dopa solution and the restoration 

TABLE IV 


Expenmtnts on the ParttaUy Ischemte Ktdney* 


Date 

Rise in 
blood 
pressure 

DunUon 

of 

complete 
bchem a 

Remarks 

12/21/40 

tnm Bt 

100 

min 

11 

Irutial nse of 40 mm Hg Further rise of 60 mm when 

12/26/40 

120 

2 

Goldblatt clamp was opened 

Blood pressure rose slowly 20 mm Further openmg of 

1/15/41 

130 

4 

the Goldblatt damp was followed by a rapid nse of 100 
mm Hg 

1/16/41 

no 

6 


2/14/41 

ISO 

13 

ImUal nse of 60 mm Hg Further nse of 90 mm when 

2/15/41 

120 

6 

Goldblatt clamp was opened 

2/24/41 1 

70 

12 


2/25/41 

120 

4 


2/26/41 ! 

90 

1 5 ' 

Blood pressure rose slowly 25 mm Further opening of 

2/28/41 

80 

8 

the Goldbhtt clamp was followed by a rapid nse of 90 
mm Hg 

Blood pressure rose slowly 

3/ 1/41 

100 

9 


3/ 3/41 

100 

1 10 


3/ 3/41 

100 

3 

Imtial nse of 40 mm Further rise of 60 mm when 

3/ 4/41 

75 

2 

Goldblatt damp was opened 

Blood pressure rose slowly 30 mm Closing damp caused 

3/11/41 

70 

9 

fall to control levels Fig 4 shows subsequent changes 
in blood pressure 


* In these experiments 10 mff dopa in J cc Ringer’s solution were injected through the 
aorta For negative results see text 


of the renal circulation the rise amounted to 1 20 mm Hg In four experiments 
more gradual rises were observed (Figs 2 to 4) 

The pressor substance was not formed from dopa m the partially ischemic 
kidneys of four cats In three of these ammals the kidneys were possibly de- 
ficient m dopa decarboxylase, m the fourth the renal artery was not found to be 
patent at the end of the experiment In other instances m which an injection 
of dopa was not followed by a pressor response, a previous or subsequent 
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injection gave a positive result It is probable that the dopa solution had not 
reached the kidney in these experiments 

In four experiments in which Ringer’s mstead of dopa solution was injected, 
no rises in blood pressure were observed This mdicated that the reduction of 
renal blood flow alone could not produce acute renal hypertension, a result 
which IS in agreement with that obtamed by Schroeder (12) 

In eleven experiments the ammo acid was injected into the parenchyma of 
the partially ischemic kidney This method reduced the period of complete 
renal ischemia which existed between the injection of dopa and the reestabhsh- 
ment of the renal circulation to less than 30 seconds 

A Goldblatt damp was placed on the left renal artery and tightened immediately 
A serrefine was placed on the left renal vem and 10 mg of dopa dissolved m 3 cc of 
Emger’s solution were injected mto the renal tissue The Goldblatt damp was 
shghtly opened and the serrefine removed from the vem 

The mjection of dopa was followed in four experiments by a slow rise m the 
blood pressure, amountmg to 35 mm Hg m three cases and to 65 mm m the 
fourth The rises extended over a period of 4, 16, 11, and 35 minutes respec- 
tively When leakage of the mjected solution occurred followmg the with- 
drawal of the needle, as it did in six instances, the injection of dopa had no effect 
on the blood pressure The degree of ischemia was of importance for the forma- 
tion of the pressor substance This was indicated in one experiment in which 
the blood pressure rose only 25 mm Hg after the mjection of dopa Followmg 
shght tightening of the clamp, however, an additional elevation of 40 mm Hg 
occurred, lastmg 35 mmutes Complete closmg of the clamp resulted m a fall 
m blood pressure to its control level In a second experiment a rise from 110 
to 145 mm Hg, lasting for 37 mmutes, occurred durmg partial renal ischemia 
In this case, as in the preceding one, occlusion of the renal pedicle caused a re- 
turn of the blood pressure to its control level These experiments mdicated 
that dopa had been transformed mto the pressor substance during partial renal 
ischemia 


Experiments on Kidneys with Normal Blood Flow 

Nine experiments were performed to ascertain whether the kidney with 
normal blood flow was able to form the pressor substance from dopa 

In four expenments 10 mg of dopa dissolved in 3 cc of Ringer’s solution ivcre 
injected into the renal tissue, without interruption or reduction of the renal circula- 
tion In five mstances the solution was injected through the aorta in the foUoi.mg 
manner After placing a hemostat on the aorta below the renal artery, the dopa 
solution was injected A second hemostat was placed above the pomt of mjection, 
shghtlv below the renal arter>, for the rcmamder of the experiment, thus entirely 
abohshmg the penod of complete ischemia Handhng and dissection of the kidney 
and Its pedicle w ere avoided as far as possible 
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In three instances no change in blood pressure was noticeable after the injec 
tion of the dopa solution into the renal blood supply In two experiments 
however, the blood pressure rose 25 mm Hg, the nse extending over a period of 
6 minutes Since in these cases the kidnejs had been slightly moved, the 
formation of the pressor substance, if any occurred, may have been the result 
of renal ischemia follow mg traumatic vasoconstriction The injection of dopa 
into the kidnej substance had no effect on the blood pressure in three out of 
four cases In the fourth mstance a nse of 15 mm Hg occurred withm 2 mm 
utes after the injection The animal on which this experiment was performed, 
however, showed spontaneous fluctuations in blood pressure It was evident 
from these experiments that no pressor substance is formed from dopa when 
the renal circulation is completely unimpaired The injection of the ammo 
aad following slight trauma of the kidney, however, appears to result m the 
production of the pressor substance 

DISCUSSION 

Experiments m which dopa (/-dihydroT^henylalanme) is mjected mto com 
pletely ischemic kidneys of cats demonstrate that this ammo acid is converted 
into a strong pressor substance After 2 to 4 hours of ischemia, the rises m 
blood pressure observed following the reestablishment of the circulation to the 
mjected kidney vary from 15 to 115 mm Hg The removal of the clamp on 
the pedicle of the unmjected kidney after 2 to 3 hours of ischemia does not 
cause a rise m the blood pressure either m the presence or absence of the col 
lateral renal circulation When the blood supply is restored following 4 to 5 
hours mterruption however, pressor effects amounting to 110 mm Hg are oh 
served The formation of i pressor substance in the umnjected, completely 
ischemic kidney has been reported by several workers Rises m blood pressure 
have been observed m dogs after ^ to 24 hours of renal ischemia (13-16), in 
the cat after 4 to 6 hours (17) The effect of shorter periods of ischemia has 
not been previously reported m the cat Smce the interruption of the blood 
supply to the umnjected kidney for 2 to 3 hours does not lead to the formation 
of a pressor substance, the effects observed followmg the injection of dopa mto 
the completely ischemic kidney of the cat must be caused by the transformation 
of this ammo acid mto a pressor substance 

The observation that this substance is heat-stable and dialyzable differentiates 
It from the protem like pressor substance, resembhng remn, which is said to 
origmate m the completely ischemic kidney of the cat (17) On the basis of 
the work of Holtz the assumption might be ventured that the pressor substance 
formed from dopa is the amme hydrm^tyramme as it originates only m ische- 
mic kidneys containing dopa and its effect is enhanced by cocame 

Rises m blood pressure are similarly observed after the injection of dopa mto 
kidneys made partially ischemic by the apphcation of a Goldblatt clamp It 
IS conceivable that the pressor substance is formed durmg the period of com- 
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plete renal ischemia existmg between the injection of the dopa solution and the 
reestabhshment of the renal circulation rather than during the period of partial 
ischemia Rises m blood pressure are observed, however, in experiments in 
which partial ischemia was caused by traumatic vasoconstriction provoked by 
handlmg of the organ It is evident, therefore, that the partially ischemic 
kidney can convert the amino acid into the pressor substance, presumably hy- 
droxytyramine This conclusion is supported by the work of Bing (3) on the 
perfused organ The importance of renal ischemia for the production of the 
pressor substance is demonstrated in experiments m which the injection of 
dopa into kidneys with normal blood flow failed to produce any change in the 
blood pressure 

The connection between Goldblatt hypertension (8) and the hypertension 
produced by the injection of dopa is as yet only hypothetical It is possible, 
however, that the transformation of dopa mto a pressor substance by decar- 
boxylation represents the pattern of events taking place in the hypertensive 
kidney Accordmg to this concept, hypertension would be caused by an inter- 
ference witl^ the normal enzymatic breakdown of ammo acids and amines in the 
kidney This organ contains specific ammo acid decarboxylases (4) and an 
unspecific deammase (18) Any decrease of the oxygen consumption of the 
kidney would inhibit deaminization, since oxygen is a necessary factor in this 
reaction (19) Decarboxylation, however, being an anaerobic process, would 
occur, leadmg to the formation of substances similar to hydroxytyramine in 
chemical constitution and pharmacological action Rodbard and Katz (20) 

4 found that the normal kidney destroys the pressor substances present in experi- 
^ mental hypertension by metabolic processes not connected with its excretory 
function It IS possible that this destruction occurs by deaminization The 
observation of Mason, Robinson, and Blalock (21) that the ammonia produc- 
tion of Goldblatt kidneys is reduced furnishes further evidence in favor of 
diminished deammization On the basis of the experiments reported in this 
paper, the action of tyrosinase in reducmg the blood pressure of hypertensive 
animals and man (22) is of particular mterest, since this enzyme destroys pheno- 
lic compounds resembhng hydroxytyramine m their chemical constitution and 
pharmacological action 


SUMMARY 

Acute renal hypertension is produced by the mjection of the amino acid dopa 
(/-dihydroxyphenylalanme) into the partially or completely ischemic kidney of 
the cat. 

Evidence is presented suggesting that the rise m blood pressure following the 
mjection of dopa is caused by its conversion into hydroxytyramine, a pressor 
amme 

Ridneys vith normal blood flow fail to transform dopa mto a pressor sub- 
stance 
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The possible importance of this reaction in the etiology of Goldblatt hyper 
tension is discussed 

We Vrnsh to express our gratitude to Dr H S Simms for perfonnmg the ultra 
filtration. 
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EXPLANATION OF PLATE 13 

Fig 1 The effect of removing the serrefine from the left renal pedicle after 2 hours 
and 45 mmutes of complete ischemia Kidney contained SO mg of dopa The blood 
pressure rose from 170 to 255 mm Hg m 40 seconds Time = 1 second 

Figs 2 to 4 demonstrate the effect on the blood pressure of the injection of 10 mg 
of dopa mto the partially ischemic kidney 

Fig 2 At the Goldblatt clamp was opened shghtly The blood pressure rose 
from 75 to 155 mm Hg m 16 minutes At B, clampmg of the left renal pedicle 
The blood pressure fell to 110 mm Hg Time = 1 minute 
Fig 3 At 10 mg of dopa were injected mto the aorta At B, the Goldblatt 
damp was shghtly opened At C, the serrefines on the left renal vein and the aorta 
were removed The blood pressure rose from 90 to 110 mm Hg At JD, the Gold- 
blatt clamp was further opened The blood pressure rose from 110 to 130 mm Hg 
At E, the Goldblatt clamp was opened completdy, causing the blood pressure to rise 
to 230 mm Hg Time = 1 minute 

FIg 4 At A, the Goldblatt clamp was opened shghtly The blood pressure rose 
from 115 to 190 mm Hg At B, the Goldblatt clamp was completely dosed and the 
blood pressure fell to 120 mm Hg At C, the Goldblatt clamp was opened moder- 
ately and the blood pressure rose to 180 mm Hg Tune = 1 mmute 
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(Bing and ZucLer Renal hipertension hom an ammo acid) 




IMMUNOLOGICAL SPECIFICITY OF MATERIAL SEDIMENTABLE 
AT HIGH SPEED PRESENT IN NORMAL AND 
TUMOR TISSUES* 

Br JACOB FURTH, M D and ELVIN A RABAT, Ph.D 
Wmr THE Assistance of Jean Brgndaoe and Masy C Boon 
(Prom the Department of Pathology, Cornell University Medical College, New York) 

(Received for pubUcatioQ, June 20, 1941) 

Attempts to isolate filterable agents produemg sarcoma and leukosis led 
to the discovery that materials sedimentable at high speed are present m large 
amounts m normal tissues (1, 2) Claude (1), the first to cill attention to 
the presence of such a material in non mahgnant tissue (chick embryo), pre- 
sented observations indicating the similarity m the physical and chemical 
properties of the normal heavy material to that exhibitmg virus activity, and 
suggested that the two are related Since heavy fractions obtamed from 
chicken spleen and chicken sarcoma could not be distmguished by complement 
fixation and precipitation reaction tests, it was suggested (2, 3) that the bulk of 
material obtained from tumors is normal heavy material which contains only 
a small amount of the tumor produemg agent 
This opmion is supported by experiments indicating that the rabbit anti 
sera agamst chicken spleen do not neutralize the agent, while anti tumor sera 
pwssess strong neutralizmg antibodies unrelated to the complement fixmg 
antibodies 

Subsequent study has shown that heavy material is present m all normal 
and tumor tissues studied If these materials are obtained from animal species 
m which this heterogenetic antigen is present (4) they contain tissue and organ 
specific substances (4, 5) and Forssman antigen In preparations from heart 
muscle (6) they contain eniymes such as cytochrome oxidase and succinic de- 
hydrogenase and in mouse kidney extracts phosphatase (7) 

This heavy material seems to be a earner of biologically active substances 
Upon autolysis of mouse kidney phosphatase is liberated m an active non 
sedimentable form with a concomitant reduction in the amount of heavy 
fraction, at the same time the heterogenetic and tissue specific factors are 
destroyed (7) 

•This mvestigation was aided by grants from The Jane Coffin Childs Memorial 
Fund for Medical Research, The International Cancer Research Foundation, and 
by a Fund for the Study of Leukemia 
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More recent experunents indicate that the Wassermann hapten is associated 
with the heavy material, which, however, does not fimction as a complete 
Wassermann antigen (8) 

Kidd (9) found m extracts of non-filterable Brown-Pearce rabbit carcmoma 
a material that was sedimentable at high speed and fixed complement with 
sera of tumor-bearmg rabbits This complement-fixmg antigen was not 
demonstrated m extracts from normal tissues, vurus papillomas, and uterme 
cancers of rabbits Thus, it differs immunologically from the heavy material 
found m normal tissues It does not produce tumors when injected into 
susceptible rabbits (9) 

The present study was undertaken to determine the immunological relation- 
ships of heavy materials present m organs of several animal species 

Material and Methods 

Preparation of Antigen — ^Tissues were frozen at —60° and ground m the cold with 
sand and taken up in 2 5 to 5 times this volume of sahne The extract was centrifuged 
at 2000 R p M and the supernatant fluid clanfied by further centrifugation at 8000 
R j HI for 15 mmutes These crude extracts were then recentnfuged at 27,000 r p u 
for 1 hour, the supernatant was decanted, and the sediment washed with cold sahne 
The washmgs were discarded and the pellets suspended m sahne The msoluble mate- 
rial was removed by centrifugation m the cold at 2000 r p u , part of the supernatant 
solution was analyzed for nitrogen, and the rest stored at —60° 

Preparation of Immune Sera — Rabbits were injected mtravenously four times 
weekly mth alum-precipitated suspensions of high speed sediments About 16 to 
30 mjections of suspensions contammg 1 to 2 mg protem per ml were used for im- 
munization In several cases, the portion of the high speed sediment which faded 
to redissolve m sahne was also used for unmunization Test bleedmgs were made 5 
days after the last mjection, and when the sera were satisfactory the animals were 
sacrificed and the sera kept m the ice box after adding merthiolate to make a final 
concentration of 1 10,000 

Antisera were prepared with heavy matenal from chicken tumor (Sarcoma 13 
(10)), with spleen, and with chicken spleen heated to 100° for 1 hour, with human 
spleen and with human kidney, with mouse spleen and mth mouse kidney, and with a 
suspension of leukemic mouse lymphocytes of a transmissible stram of mouse leu- 
kemia (Akf 5) 

Complement Fixation Tests— Tests were made by both antigen and serum ddu- 
tions Sera of low titer often reacted to high ddutions of the antigen The antigens 
were standardized on the basis of their nitrogen content The sera were titrated usmg 
an antigen concentration of 0 1 mg N per ml , unless otherwise indicated In all 
tests 0 2 ml each of antigen and of serum were mixed with 0 2 ml of guinea pig serum 
diluted to contam 2 units of complement After the tubes were mcubated at 37° 
for 1 hour and at room temperature for an additional hour, 0^ ml of a 5 per cent 
suspension of sensitized sheep cells was added and the tubes again mcubated during 
30 mmutes at 37° and the degree of hemolysis determmed A second readmg nas 
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made after the tubes had remained m the ice box overnight The presence of sheep 
hemolysins ^as determmed bj mcubating mixtures of serum, complement, and a 2 5 
per cent suspension of ivashed sheep cells for M hour at 37 

Correlation of the Amount oj Eeavy Material with Complement-Fixing Activity 

Table I shows the distribution of complement fixmg antigens in fractions 
of extracts of chicken tumor and of chicken spleen obtained by high speed 
centrifugation 

The clarified extracts of chicken tumor and spleen were centrifuged at 27 000 
E for 1 hour The sediment was resuspended m sahne the msoluble debns 
removed and the material rccentnfuged at 27,000 rj* m The highest dilution of 
each solution which would give complete fixation of 2 units of complement was then 
measured and the amount of antigen N calculated 


TABLE I 

Relation of Complement Fixation to Heavy ilatena! Present tn Extracts from Tumor and Spleen 



Tumor 

Spleen 

A Crude extract 

nt U 

0 026 

nt N 

0 029 

B SuperoaUot from A ceotnfuged at 27 000 b p u. 

0 28 

0 12 

C Sedunent, soluble fraction from A centnfuged at 27 000 

0 002 

0 003 

D Supernatant from C recentnfuged at 27 000 u. 

0 06 

0 14 

E Sediment soluble fraction from C recentnfuged at 27 000 b.p u. 

0 OOlS 

0 0026 

F Sediment msoluble fraction I 

0 0027 



The anti tumor serum used (No 24) had been absorbed with sheep cells and used m 
dilution of 1 100 


Approximately 0 2 ml of a solution containmg about 0 002 mg of N per mk will 
fix completely 2 units of complement (Table I) The minunum amount of nitrogen 
givmg complement fixation is approximately the same with both spleen and tiunor 
materials 

The Distribution of Forssman Antigen tn the Heavy Materials Studied 
Table H shows the distribution of Forssman antigen m heavy materials of 
mouse and of chicken organs as ascertamed by complement fixation tests with 
antisera agamst heated high speed deposits from chicken spleen Previous 
experiments have shown that heating to 100® destroys the tissue specific anti 
gens but not the Forssman antigen In these experiments Forssman antibody 
was kept constant (1 100 dilution of a strong immune serum agamst heated 
chicken spleen material) and the antigen was used m diminishing amounts 
Table 11 mdicates the relative amount of Forssman antigen present m the 
tissues studied Spleen, lung, kidney and tumor contam it in large quantities, 
while liver is devoid of Forssman antigen Extracts from horse kidney and 
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guinea pig spleen gave as strong reactions as corresponding extracts from chicken 
and mouse tissues Extracts from spleen and kidney of man, beef, and rabbit 
contained no Forssman antigen Splenic extract from a man of blood group A 
gave a weak or doubtful reaction, splenic extract from a man of blood group 0 
contained no Forssman antigen Very large amounts of Forssman antigen 
were found in high speed deposits from venereal sarcoma of dogs 
Inhibition of hemolysis of sheep erythrocytes produced by the addition of 
substances contaimng the Forssman antigen, preceding the hemolysin test, as 
described by Brahn and Schiff (11), is as specific for the determination of Forss- 
man antigen as direct complement fixation tests with Forssman antibodies 
(Table IH) 


TABLE n 


Dtstnhilton of Forssman Antigen in ffeavy Fractions from Organs of Different Species 



Spleen 

Kidney 

l>r 

t 

Heart 

t/s 

a 

3 

Tumor 

Muscle 

Testis 

a 

g 

a 

y c 
is 

Serum 

Chicken 

Mouse 

+++' 

+++I 

-i — [- 
++ 1 

0 

0 

1 

+ 

1 + + 

i+++ 

i+++ 

4-}— {. 
++ 

1 4*+ 

4* 

+ 

+++ 

1 ° 


The calculations were based on a nitrogen content of 1 mg N per ml Abbreviations 
-f- = positive complement fixation with 1 10 dilution of this stock solution, -h-b = positive 
reaction with from 1 30 to 1 50 dilution, -{—1—1- = positive reacUon with greater than 1 SO 
dilution 

The alcohohc extracts were prepared as follows The organs of animals were 
extracted with five volumes of 95 per cent alcohol at room temperature for 7 days 
The extracts were centrifuged and concentrated to one-fifth of the original volume 
The dilutions were prepared by addmg the alcohohc extract to salme solution drop by 
drop until a 1 10 dilution was reached 

A preparation of hapten from horse kidney was kindly supphed by Dr Karl Land- 
steiner 

The results of the mhibition with high speed deposits and alcoholic extracts 
were sundar (Table m) No inhibition was found with the Wassermann anti- 
gen or with high speed sediment from rabbit spleen In further studies of 
the antigenic properties of heavy materials, all antisera which contained the 
Forssman antigen were absorbed wuth washed sheep erythrocytes 


Iwnuuological Relalioiiship of Heavy Materials in Different Tissues of the 

Same Species 

Table I\'’ shows the relatn e amounts of heavy material which fixed comple- 
ment with antisera against high speed deposits from chicken tumor and chicken 
spleen and with Forssman antiserum The antisera agamst spleen and tumor 
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gave almost identical results Heavy materials from heart gave slight, those 
from kidney and liver strong group reactions, spleen, lung, and tumor materials 
gave equally strong reactions 'the liver contamed no Totssman antigen, while 
the spleen and lung contamed large amounts Chicken serum or plasma in a 
wide range of dilutions failed to fix complement with any of the antisera against 
high speed sediments 

Table V shows the relative amount of heavy materials from mouse tissues 
fixmg complement with antisera against high speed sediments from mouse 
kidney and spleen and with Forssman antiserum The results suggest that 


TABLE m 

Specific Inhxbilton of Sheep Cell Berndysts by Bi^h Speed Sediments and Alcoholic Extracts of 
Tissues Containing Forssman Antigen 




High speed sediments from 


Antigen | 






Ch cken 
tpleen 

Chicken 
tumor 1 

Goinen pig 
•pleen 

Rsbhit spleen 

Moose spleen 

«r N 






0 16 


0 

0 

C 

0 

0 016 

0 

0 

0 

c 

0 

0 0016 

c 1 

ac 1 

St 

c 

ac 

0 00016 

c 

c 1 

c 

c 

c 



Alcoholic extitcU from 


Antigen dilatiflB 






Chicken 

spleen 

, Mouse 

spleen 

1 Homno ^lets 

Wsssertuna 

sntlgen 

Hone kldocT’ 

1 10 

0 

0 

0 

— 


1 100 

0 

i ^ 

j St 

c 


1 1000 

ac 


1 ^ 

1 c 



Antiserum agamst beated chicken spleen containing lit units of hemolysin and serum 
dilution 1 1000 ■were used Abbreviations 0 » complete inhibition st ■=■ strong ac »» 
almost complete, c * complete hemolysis 


both spleen and kidney contain specific in addition to group reactmg sub 
stances Mouse liver, like chicken liver, contains no Forssman antigen m the 
dilutions tested 

Table VI shows the relative amounts of material sedimentable at high speed 
which react with antiserum agamst high speed deposits from human kidney, 
spleen, and liver 

The sera were prepared with tissues from men of blood group O and contamed no 
hemolysms for sheep erythrocytes 

With the anti kidney serum, there is a strong cross-reaction between heavy 
materials from kidney and lung, while materials from spleen and heart give 
only sbght or moderate cross-reaction 
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TABLE IV 

Complement Fixation Tests of High Speed Deposits from Chicken Organs with Antisera against 
Chicken Spleen and Chicken Tumor and iinth Forssman Antiserum 


Antisera against heavy matenal 
from 

Antigen N 


Heavy matenal from 


Scrum 


Tumor 






Chicken tumor (No 24) 

ms : 

0 10 

0 

0 

0 

0 

0 

0 

ac 

absorbed with sheep cells 

0 033 

0 

0 

0 

0 

ac 

0 

ac 


0 011 

0 

0 

St 

St 

c 

0 

ac 


0 0038 

St 

C ' 

C 

ac 

c 

si 

ac 

Chicken spleen (No 26) 

0 10 

0 

1 

0 

0 

0 

0 

0 

ac 

absorbed ith sheep cells 

0 033 

0 

0 

0 

0 

ac 

0 

ac 


0 on 

0 

0 

mm 

C 

1 ^ 

0 

ac 


0 0038 

ac 

St 

D 

C 

1 c 

tr 

ac 

Heated chicken spleen (No 

0 10 

0 * 

0 

1 

0* 

ac 

0* 

0* 

c 

45) (Forssman antibody) 

0 033 

0* 

0 

0* 

c 

0» 

0* 

c 


0 on 

m* 

0 

St 

c 

ac 

0* 

c 


0 0038 

c 

0 

c 

c 

c 

0* 

c 


The sera were used in dilution 1 100 


* Strong hemagglutination was noted in these tubes Abbreviations 0 = complete in- 
hibition tr = trace, si = shght, m = moderate, st = strong, ac = almost complete, 
c = complete hemolysis 


TABLE V 


Complement Fixation Tests of High Speed Sediments from Various Mouse Tissues 


Antiserum against high speed 
deposits from 1 

Antigen 

N per ml 

Heavy material from 







Brain 

Testis 


— 




■■ 





Mouse kidney (No 55) 



0 

C 


0 

ct 

0 

c 

absorbed with sheep 



0* 

C 


c 


ac 

c 

cells 

0 004 


mt 


HH 






0 0008 

St 




i 




Mouse spleen (No 35) 

0 10 

0 

0 

st 


0 

ot 

0 

sl 

absorbed with sheep 

0 02 

tr 

0 

ac 


sl 

st 

ac 

ac 

cells 

0 004 


ac 







Heated chicken spleen 

0 10 

0 

0 

c 


0 

ot 

0 

0 

(No 45) (Forssman 

0 02 

sl 

0 

c 


0 

0 

C 

C 

antibody) 

0 004 

ac 

sl 

Bi 


ac 

C 




*0 033mgN fOOlImgN JOOSmgN 

Serum 35 was used m dilution 1 75, the other tw o sera in dilution 1 100 
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With both anti spleen and anti hver serum there is strong cross-reaction 
with all materials tested 

Absorption experiments were made to determme the character of the strong 
group reactions with the antisera against heavy materials from human hver 
Kidney material was used for absorpbon because it reacted with this serum as 
strongly as the homologous substance Human kidney was cut up into small 
particles, the fragments washed, mixed with immune serum, mcubated at 


TABLE VI 

Complement Fixation Tests of ^tf)i Speed Sediments from Various Bumon Tissues vnth 
AniS'Buman Spleen and Kidney Sera 


AntUernzn ae^lutklgh. tp«ed 
deposits from 

AatlgeaN | 
per ml 

1 BIfh tpeed deposits from 


Spleen i 

Xldney 

Liver 

Hem 

Lung 


me 







Human kidney (No 121) 

0 10 1 

tr 

0 

0 

0 

0 

c 


0 033 

tr 

0 

tr 

iBB 


c 


0 on 

c 

0 

ac 

BC 

0 

c 


0 0038 

c 

0 1 

■a 

C 

0 

c 


0 0013 


B 

H 

B 

c 1 


Human spleen (No 67) 

0 10 

0 



^a 

0 

c 


0 033 

0 

■■ 

■I 


■■ 

c 


0 on 


0 


ac 

■I 

c 


0 0038 

si 

tr 

■■ 

■a 

B 

c 


0 0013 


c 


B 

1 c 


Human hver (No 76) 

0 10 

0 

0 

0 


0 

c 


0 033 

0 

0 

0 

■I 

■■ 

c 


0 on 

0 

0 

0 


■■ 

c 


0 0038 

0 

0 

0 


0 

c 

1 

0 0013 


5t 

ac 

■■ 




The anti kidney serum was used m dilution 1 100 the anti-spleen and liver sera m 
dilution 1 75 


37® for 1 hour, and centrifuged The partially absorbed supernatant was 
agam mixed with washed kidney particles, incubated at 37® for 1 hour, and 
allowed to stand ovenught m the ice box 
The absorbed antisera against human hver no longer gave complement 
fixation test with kidney material m an> of the dilutions tested, while its reac- 
tivity with the homologous material was almost unaltered 
The anti kidney serum similarly absorbed with lung tissues lost most if not 
all of its antibodies reactmg with lung and liver matenals, but not those 
reactmg with the homologous kidney substance 
The anti spleen sera on the other band, lost both homologous and heterolo- 
gous antibodies by absorption with lung tissue 
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Search for Organ Specific Heavy Materials 

Tests were made with sera at our disposal, to determine if some of the heavy 
materials possess organ specific substances Table Vn shows that antisera 
against high speed deposits from chicken, mouse, and human spleen from 

TABLE vn 


Complement Fixation Reactions of Antisera against Heavy Fraction from Spleen with Splenic 

Antigens from Several Species 



Higb speed deposit from spleen 


Chicken 

Mouse 

Human 

A 

Kabbit 

Beef 

Guinea 

pfe 

Chicken spleen (No 26) absorbed with sheep 
erythrocytes 

B 

j 

0 

! 

0 

0 

0 

0 

Mouse spleen (No 35) absorbed with sheep 
erythrocytes 

1 

+++ 

0 

0 

0 


Human spleen group 0 (No 121) unabsorbed 

H 

0 

+++ 

0 

0 



+++ = strong complement fixation 0 = no complement fixation 

TABLE Vm 

Complement Fixation Reactions of Anli-Kidney Sera vnth High Speed Sediments from Kidney of 

Several Species 


Antiserum against high speed 
deposits from 

Antigen 

N per ml 


Higb speed deposit from kidney 


Human 

1 Mouse 

1 Chicken 

Rabbit 

Beef 

Human 0 kidney (No 121)| 

m 

0 10 

1 


m 

St 

c 


0 033 

0 




c 


0 011 

0 1 




c 


0 0038 

0 


H 


c 

Mouse kidney (No 56) 

0 10 


0 



ac 

absorbed with sheep 

0 033 

si 

0 



c 

cells 

0 011 

m 

0 



c 


0 0038 

St 

0 

mm 


c 


The sera were used m dilution 1 100 


which the Forssman antibody had been removed by absorption with sheep 
erythrocytes reacted only with the homologous heavy materials 

Table VTTT shows that antiserum against human kidney is species specific, 
while the antiserum against mouse kidney gives strong reactions with high 
speed deposits from both mouse and rabbit kidney All three antisera against 
heay>^ material from mouse kidneys that were tested gave complement fixations 
wnth material from rabbit kidney The reaction of the same sera with human 
kidney material varied, two givmg a slight and one no cross-reaction 
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DISCUSSION 

Previous experiments have shown that high speed deposits from chicken 
sarcoma cannot be distmguished from similar material present m normal spleen, 
by either precipitation or complement fixation tests Numerous experiments 
aimed to distinguish by immunological means malignant blood cells of mice 
from normal blood cells were likevrise unsuccessful In spite of these negative 
experiments, it seemed desirable to mvestigate further the immunological prop- 
erties of heavy normal materials present m different tissues Kidd (9) already 
has shown that certain rabbit tumors can be characterized by the presence of 
immunologically active heavy materials It is possible that a better knowledge 
of the normal heavy materials will aid future studies aimed to demonstrate 
the presence of similar heavy substances in neoplastic tissues 

In the course of these investigations it became evident that the heavy mate- 
rial IS one of the most significant components of the cell because it is associated 
with enzymes of tlie cell as well as with the Forssman antigen and the Wasser 
mann hapten A further correlation between the immunological and other 
properties of the cell and its heavy material is highly desirable The observa 
tions thus far made mdicate that the heavy material is complex and that the 
same material exhibits properties common to different tissues of the same 
species, to similar tissues of different species, and may also possess specificity 
charactensbc only of one organ of a given species (4, 5) Studies on organ 
and mdividual specificities of whole tissues or tissue extracts by Witebsky (12) 
made by complement fixation tests and more recently by Bailey and Raffel 
usmg the techmgue of passive anaphylaxis (13), have yielded similar results 
In the light of the mvestigations of Landstemer and others on the specifiaty 
of immune reactions (14), these cross reactions and specificities can be at 
tributed m part to similarities and differences m chemical structure But there 
IS no reason to suppose that the material obtained by high speed centrifugation 
IS a single substance and some group reactions, for example that between 
materials from hver and spleen, are probably due to different antigenic sub- 
stances Attempts to separate the Forssman antigen from the tissue and organ 
specific components by cross precipitm absorption using Forssman antiserum 
and anti spleen serum, from which the Forssman antibody had been removed, 
were unsuccessful This suggests that these specificities are not associated with 
two different substances, both are probably attached to the same heavy 
particle 

The question arose, whether the heavy material contains substances capable 
of produemg cytotoxms Experiments were made in association with Dr 
C T Olcott to determme if the high speed sediments from kidney extracts 
would produce nephrotoxins m animals Both heavy material and antigens 
for nephrotoxms are present m the extracts of kidneys, both are antigemc, and 
differ from the antigemc substance of the plasma of the host The observation 
that rabbits immunized with heavy materials from mouse kidney may develop 
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antibodies against heavy materials present in rabbit kidneys is of unusual 
mterest Unfortunately, the kidneys of these rabbits were not studied his- 
tologically and the few subsequent attempts made failed to demonstrate that 
antisera against the heavy materials from kidney possess nephrotoxic 
properties 

Recently, Henle and Chambers (15) obtained influenza vnus unassociated 
with heavy materials by usmg allantoic and ammotic fluids of chick embryos 
moculated with virus 

The question concernmg the location of the heavy material in cells is of 
unusual interest Claude (16) made observations suggestmg that mitochondria 
are either carriers of the heavy material or are identical with it Since both 
are of approximately the same size, the simple procedure of high speed centri- 
fugation IS not suitable to determme whether or not they are identical 

SUMMARY 

Materials sedimentable at high speed (approximately 27,000 r p m ) were 
found m all normal and neoplastic tissues studied They are carriers of the 
Forssman antigen and of the Wassermann hapten 
These heavy materials exhibit species, organ, and individual specificity and 
produce several antibodies which can be demonstrated by absorption tests 
Heavy materials from chicken sarcoma and chicken spleen could not be dis- 
tmguished by complement fixation tests 
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NEUTRALIZATION OF THE AGENT CAUSING LEUKOSIS AND 
SARCOMA OF FOWLS BY RABBIT ANTISERA* 

By ELVIN a RABAT PmD , and JACOB FORTH, MD 

{From thi Department of Pathology, Cornell Untverstiy Medtcal College, New York) 

(Received for publication, June 20, 1941) 

Shortly after the discovery that tumors and leukosis of fowls could be transmitted 
by cell free filtrates Rous and Murphy (1) observed that fowls m which tumors had 
regressed v, ere resistant to subsequent moculation, and that the sera of these fowls 
neutralized the transmitting agent No preapitins or complement fizmg antibodies 
could be demonstrated in these sera Rous, Robertson, and Ohver (2) mjectcd geese 
with tumor material and produced antisera which neutralized the agent The Com 
plement fixmg antibodies present m these sera were unrelated to the neutralizing 
activity, smce absorption with erythrocytes from normal chicken sera failed to remove 
the neutralizing antibodies, but removed the complement firing antibodies These 
authors also immunized rabbits with tumor material and obtained hemolysms and 
hemagglutinins but no neutralizing antibodies Twelve years later, Andrews (3) 
studied neutralizing antibodies produced m fowls against several different tumor 
agents and found that three histologically different filterable fowl tumors showed a 
dose immunological relationship By the use of pheasant antisera Andrews (4) 
could distinguish differences among several filterable /owl tumors although some 
cross neutralization occurred Immune duck sera, however, did not show antigemc 
differences among the vanous strains studied 

Similar observations were made by Furtb (5) and Uhl Engelbreth Holm, and 
Rothe Meyer (6) with fowls recovered from leukosis Recently, RufiUli (7) desenbed 
experiments suggestmg that injection of fowl leukosis virus which had been mac 
tivated by oxidation protects fowls agamst subsequent mjection of the active agent 
The immunity phenomena in fowl leukosis have been reviewed by Storti and 
Mezzadra (8) 

Recently Andrews observed (9) that pheasants inoculated with a non filterable 
transmissible sarcoma mduced ongmally by tar developed neutralizmg antibodies 
agamst the Rous sarcoma agent and that antisera agamst fowl protem did not neu 
tralize this agent- The neutralizmg power of the serum agamst tar tumors was not 
affected by absorption with chick embryo pulp These sera did not neutralize the 
agent of Fujmami sarcoma Andrews concluded that this non filterable tar sarcoma 
contained a virus xmmunologically related to that of Rous Sarcoma I This observa 
tion was confirmed by Foulds (10), who found that rabbit antisera agamst a non fil 

* This mvestigation was aided by grants from The Lady Tata Memonal Trust, 
The Anna Fuller Fund and The Jane Coffin Childs Memonal Fund for Medical Re 
search 
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terable transmissible tumor mduced m fowls by 1 2 5 6 dibenzanthracene would neu- 
tralize the Rous agent 

Recently it has been shown (1 1—13) that the agents causing fowl sarcoma and 
leukosis could be concentrated by the ultracentrifuge The bulk of the sedi- 
ment from tumor tissues, however, does not consist of virus, smce large amounts 
of material can be sedimented at the same speed from normal tissues as well 
Moreover, the materials obtained at high speed from chicken tumor and from 
normal chicken spleen were identical in complement fixation and precipitin 
tests using sera of rabbits that had been mjected with these fractions (13) 
Studies on the purification of the agent of leukosis and sarcoma of fowls (strain 
13 (14)), made it desirable to search for methods for differentiating the agent 
from the normal tissue protein The experiments to be described show that 
virus-contaimng heavy materials induce the formation of neutralizmg anti- 
bodies in the rabbit and that these antibodies are distinct from the complement- 
fixmg antibodies Similar sediments from normal chicken spleen produce no 
neutralizing antibodies 

EXPERIMENTAI- 

Hcavy ma enals were prepared from extracts of normal chicken spleen and from 
tumors produced by stram 13, as previously described (13) Rabbits were inoculated 
intravenously four times weekly with alum-precipitated sediments of these materials, 
using a total of IS to 40 mg of protem m 16 to 30 injections Bleedings were made S 
da\ s after the last mjection Sera were mactivated and filtered through a Berkefeld 
filter and stored without preservative under stenle conditions Complement fixation 
tests were performed usmg 0 2 ml of antigen (0 10 mg N per ml ), -f 0 2 ml of the 
varying dilutions of semm, + 0 2 ml of gumea pig complement diluted to contain 
approximately 2 umts of complement After mcubation for 1 hour at 37° followed 
by 1 hour at room temperature, 0 2 ml of a 5 per cent suspension of sensitized sheep 
erythrocytes was added to each tube Hemolysis was read after hour at 37°C 

Crude tumor extracts were employed in the neutralization tests, since they were 
more stable than the purified preparations The tumor was ground with sand and 
salme, centnfuged to remove debns, and the viscous solution warmed to 37° with 
addition of enzyme preparation from pneumococcus (13) to reduce the viscosity The 
solution was then filtered through a Berkefeld filter and stored in small tubes frozen 
at — 60°C Usmg the same extract, the neutralizmg potency of several sera could be 
compared 

In carrymg out the neutralization tests a measured volume of tumor extract was 
mixed with serum or sahne and mcubated at 37° for 15 mmutes and allowed to stand 
overmght m the ice box These mixtures were then diluted and mjected mto the 
breast and leg muscles of Barred Rock chicks of from 2 days to 1 month of age By 
injecting the right breast and leg with one mixture, and the left breast and leg with 
another, different antisera could be compared m the same chickens 

RESTOTS 

The results of the neutralization experiments are summarized m Table I 
which shows that the rabbit antisera against heavy material from tumor neu- 



TABLE I 

Ntuiraluaiion of Agents 13 and 11 vntk Rahbtl Anttsera agatnji Seavy M<Uertals from Chtchen 
Tumor and Spleen 


Aatlsenim 

Tiimor 

extract 

Ratio of tumors produced to 
number of sites iQocuiated 

1 ffif 

ml 



Experiment 1 Sarcoma 13 


dilution of mixture 



1 2200 

1 250 

1 25 

Salme 

1 

0 1 

9/10 

8/10 

9/10 

Spleen 49 

1 1 9 

0 1 

5/6 

8/8 

9/10 

Experiment 2 Sarcoma 13 



DHutfoa of suxtore 



2 20 000 

1 1000 

l so 

Salme 

2 45 

0 05 

0/10 

3/10 

8/8 

Spleen 49 

2 45 

0 05 

0/10 

4/10 

8/8 

Tumor 70i 

2 45 

0 05 

0/10 

1/10 

4/8 

Expenment 3 Sarcoma 13 




Dilution of xnixtnre 




1 lOOO 

1 50 

Salme 

2 45 

0 OS 


6/10 

8/8 

Spleen 48 

2 45 

0 05 


5/10 

6/10 

l^mor?©^ I 

2 00 

0 05 1 


0/10 

0/10 

Tumor 71 1 

2 45 

0 05 1 


0/10 

0/8 

Expenment 4 Sarcoma 13 




Dilution of rauture 



2 5000 

! 2000 

1 60 

Spleen 48 

2 5 

0 05 

3/8 

3/10 

10/10 

’^unor 71 

0 1 

0 05 

4/10 

3/10 

8/10* 

Tumor 71 

0 5 

0 Oo 

0/10 

1/10 

S/lOf 

Tumor 71 

2 5 

0 05 

0/8 

0/10 

0/10 

Expenment 5 Sarcoma 13 




Dilution of mixture 


1 1 


1 1000 1 

1 60 

Spleen 49 

2 5 

0 05 ' 


3/8 ! 

8/10 

Tumor 70j absorbed with spleen cell 






suspension 

2 6 

0 05 


0/8 

0/10 

Tumor 70s 

2 5 

1 0 05 


0/10 

0/10 

Tumor 703 

0 5 

0 05 


! 1/10 

0/10 

Expenment 6 Sarcoma 13 




Dilution of mixture 



1 1 5000 

1 1000 

1 60 

Spleen 48 

1 0 

0 06 

1 0/8 

6/10 

8/10 

Tumor 73 

0 10 

0 06 

0/10 

0/10 

0/10 

Tumor 73 

0 50 

0 06 

' 0/10 

0/10 

0/10 

Tumor 73 

2 50 

0 06 

0/10 

0/10 

0/10 

Expenment 7 Sarcoma 11 




Dilution of mixture 



1 5000 

1 SCO 

1 50 

Spleen 48 I 

1 ^ ^ 

^ 0 10 

O/IO 

4/10 

6/10 

Tumor 71 1 

1 2 4 

0 10 

0/10 

0/10 

4/10 

Expenment 8 Sarcoma 11 




Dilution of mixture 



1 2500 j 

1 250 

1 25 

Spleen 49 1 

2 4 

0 10 

2/10 

5/10 

7/9 

Tumor TOj | 

2 4 

0 10 

0/10 1 

1/10 

1/10 


The total volume of the mixtures In Eipenments 1, 2 7 and 8 was 2 5 cc. in other ciperi 


ments 3 cc. 

• Large tumors 
t Small tumors 
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trahze the agent Antisera against heavy material from normal chicken spleen 
do not contam these neutralizmg antibodies The strength of the neutralizing 
antibodies in different sera can be determmed by titration, using various 
amounts of immune serum vith a constant amount of virus 

The neutralizing antibodies m the anti-tumor sera are unrelated to the 
complement-fixmg antibodies This is mdicated by the observation that 
serum 71 contamed neutralizmg antibodies, but no complement-fixing anti- 
bodies The complement-fixmg antibodies in serum 70 could be removed 
by absorption with a suspension of cells from normal chicken spleen without 
any detectable effect on the neutralizmg potency of the serum Moreover, 
antisera agamst heavy materials from normal spleen do not neutralize the 
agent but fix complement in high dilutions Thus, injection of heavy mate- 
rials from tumor may give rise to antibodies specific for the agent, to comple- 
ment-fixmg antibodies against chicken tissue, or to both It is noteworthy 
that sera of chickens immune to the viruses of leukosis and tumors contam 
neutralizmg (3, 5, 6) but no complement-fixing antibodies (13) 

Under the conditions of these experiments the neutralizmg antibodies them- 
selves do not fix complement This may be either because the neutralization 
test w'lU detect smaller amounts of antibody than the complement fixation 
reaction or because the neutralizing antibodies are unable to fix complement 
Instances of the latter are well knowm, the antiflagellar (H) antibodies to the 
typhoid bacillus m rabbits (15) and antipneumococcus horse serum (16) are 
outstandmg examples An instance of the former has recently been observed 
by Kidd (17) who found that most antisera agamst the Shope papilloma virus 
contamed virus-neutralizing and complement-bmdmg antibodies m the same 
relative proportion, but a few sera neutralized small amounts of virus, yet 
failed to bmd complement 

These observations furmsh additional evidence that the agent is only a small 
part of the heavy material obtamable from tumor tissue and that preparations 
of the agent hitherto regarded by several investigators as pure contam large 
amounts of normal heavy materials 

The observations of Amies (18) are not m agreement with this conclusion 
Amies obtained by repeated fractional centrifugation a suspension of the 
agent which was apparently free from fowl protem and could be agglutinated 
specifically by sera of fowls bearing the correspondmg tumor The sera also 
contamed neutralizmg antibodies for the agent but hyperimmune rabbit anti- 
fowl sera also neutralized the agent From this finding it is inferred that the 
tumor agent contains an antigen which is normally present m fowl tissue 

Experiments 7 and 8 show partial neutrahzation of agent 11 by antiserum 
agamst agent 13 This indicates some degree of serological relationship be- 
tween agent 11, which causes only sarcoma, and agent 13, which has poten- 
tiahties of producmg both sarcoma and erythroleukosis 
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SUMMARY 

Neutralizing antibodies against fowl tumor agents can be produced m rabbits 
by injection of heavy materiak obtained from chicken tumor Similar sedi 
ments from normal chicken spleen produce no neutralizmg antibodies The 
complement fi-ting antibodies produced by both materials are unrelated to 
the neutralizmg antibodies 
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FURTHER STUDIES OF THE INFECTIOUS UNIT OF VACCINIA 
By R F PARKER D , L H BRONSON If D and R H GREEN, M D 
{From the Department of lledictne of Wettem Reserve University School of Medicvie, 
and the Lahestde HospUal Cleveland) 

(Received for publication June 2 1941) 

In a previous communication (1) evidence was presented which was inter 
preted as indicating that, when vaccine virus was suitably introduced into 
the shm of a rabbit, the results of experiment were consistent with the hy 
pothesis that a single particle (elementary body) of virus could give rise to 
infection This conclusion rested m part upon knowledge of the physical char 
actenstics of the virus and direct estunation of the number of elementary 
bodies comprismg an infectious umt, but chiefly upon the results of applying 
certain statistical prinaples to the study It has since been pomted out (2) 
that certain of the measurements we used were not fully satisfactory, and an 
alternative hypothesis has been presented (3), based on the assumption that 
host resistance plays the determmmg r61e m this as m other situations where 
a quantal response occurs At the same time investigations of the problem in 
this laboratory have contmued and a prehmmary report of certam studies of 
a modified strain of virus has already been published (4) It is the purpose 
now to report fully on this modified vaceme virus, as well as to describe the 
results of a number of other experiments Finally, these and other data 
will be considered in the light of the two h>potheses which have been put 
forward 

7 Carnpostlioft of the Infectious Unit of a Cultured Strain of Vaccinia 

Previous studies of the infectivity of vacane virus have been carried out with 
strams which had a reasonably high virulence for the rabbit The advantages 
of usmg a virulent virus m ease of preparing material and ease of determining 
end pomts are evident How ever, it is equally apparent that a complete state 
ment of the mechanism of infection by a virus must include observations on 
strains of virus of low virulence Accordmglj , studies of the First Revived 
Stram (5) of vaceme virus, kmdly made available to us b> Dr T M Rivers, 
were begun soon after the completion of the previous study 

EXPERIMENTAL 

Experunents were planned to give evidence on the probable composition of 
the infectious umt of this stram of virus m terms of elementary bodies Efforts 
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pothesis IS a tenable one Applying this hj-pothesis, and assuming that at the 
50 per cent dilution there are 0 69 particles^ per unit moculum of 0 25 cc , it 
would appear that the original suspension contained 10® X 4 — 0 69 particles 
per cc However, the data of Table I do not agree with this The relation 
between dilution and number of lesions produced is agam consistent ivith the 
hypothesis that a smgle particle is givmg rise to a lesion, but on this assumption 
it would appear that each cubic centimeter of ongmal culture contamed 10^ X 
20 particles of virus (moculum of 0 05 cc ) The discrepancy is considerably 
greater than any possible experunental error, and has been consistently demon- 
strated Moreover, the ratio between chick and rabbit infectious units of 
vunis IS a reasonably constant one It is perhaps easiest to explam the dis- 
crepancy by the assumption that particles of 2 sorts coexist m the suspension, 
one capable of infectmg both chick and rabbit, and the other of infecting only 
the chick embryo 

This assumption is the one we were first inclined to accept (4), and ivas 
arrived at, apparently independently, by Gallagher and Woolpert (7) on the 
basis of their studies of a stram of vaccmia modified by passage through fetal 
rabbits It has the merit of similarity to conditions knowm to exist among 
bacteria, m which virulent and avirulent members of a species may be earned 
together m culture for many generations If this assumption be correct, 
regeneration of the rabbit virulent component should not be difihcult, and 
further it should be possible to obtam the chick virulent strain in pure culture 
Regeneration of the virus was first attempted 

Experiment 2 — For the purpose of regeneration of the rabbit virulent strain, a 
rabbit was injected m each testicle with 1 5 cc of whole culture After 5 days, al- 
though no evident disease had appeared, the organs were removed, ground with sand, 
and made into a 10 per cent emulsion with Locke’s solution 1 cc of this emulsion 
was then moculated into a second rabbit, and the process was repeated once, 3 rabbits 
bemg moculated in senes No disease appeared, and moculation of chick embryonic 
membranes with centrifuged emulsion resulted in the appearance of no specific lesions 
The experiment w as repeated twice wnth sunilar results 

Smee simple serial passage m rabbits had resulted only m loss of the virus, 
a second method w as tried 

Experiment 3 — In this experiment rabbit passage was alternated with culture 
tn vitro A rabbit was moculated mtratesticulariy with whole culture and after 5 
daj’s the organs were removed They were ground with sand and Locke’s solution 

* If it be assumed that 1 particle gives rise to a visible lesion, it can be shown by 
apphcation of Poisson’s bmomial theorem that the suspension of particles givmg 
nse to 50 per cent of positive results contains on the average 0 69 particles per unit 
\ olume, for P = c"*" and for P = 0 50, w = 0 69 
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to make a 10 per cent emulsion and 0 2 cc of this used to initiate a flask culture 
After one subculture m flasks, the virus was returned to the testicles of a normal rabbit 
This was repeated 8 times, and each time enough virus was recovered from the testicle 
to initiate growth in embryonic tissues, but not enough to survive a second rabbit 
passage 

This alternate rabbit and culture passage of virus failed to enhance the 
virulence of the virus sufficiently to allow successive rabbit passages It 
\vas considered, however, that multiplication of the virus m the simultaneous 
presence of adult and embryonic cells might mcrease the rabbit Mrulence 
This was tested as follows* — 

Experiment 4 — Flask cultures were set up consistmg of T>rode's solution with 10 
per cent of normal rabbit serum and an appropriate amount of minced tissue This 
consisted of one half chick embryonic tissue and one half mouse kidney or rabbit 
kidney It was first shown that medium contammg mouse or rabbit kidney alone 
supported growth of the Board of Health stram of vaccine virus The modified vac 
cine virus grew well under the conditions descnbed and after 15 passages, 10 in chick 
embryo + mouse kidney and S m chick embryo + rabbit kidney subcultures were 
made into medium contammg rabbit tissue alone No multiplication occurred 

These various attempts to enhance the groNvth of the rabbit virulent stram 
of virus m the presumed mature of strams or to enhance its virulence having 
failed, efforts were made to secure a **pure culture” of the chick >Trulent stram 
by takmg advantage of the wide disparity m the relative concentrations of the 
2 sorts of virus 

Experiment 5 — A senes of flasks of chick embryo Tyrode solution culture medium 
was prepared and seeded wth culture virus Three flasks were moculated with 
0 1 cc. of each of a senes of dilutions from I0“* to 10“* of the last previous culture 
After 5 days incubation each flask was tested for the presence of virus the flasks 
moculated with virus diluted 10*^ contamed virus those moculated with the 10~* 
dilution did not It was assumed that the flasks contammg virus had been seeded 
with a mmimal amount the amount actually mtroduced was much less than that 
required to mitiate recognizable mfection m a rabbit From the virus-contaming 
flasks a second senes of dilutions of virus was prepared and medium seeded Again 
virus appeared m large quantity m the flasks seeded with the 10“^ dilution, but none 
was present m those seeded with dilution The process was repeated once more 
It was hoped that this senal culture of virus from a seed moculum known to contam 
but a few chick infectious particles would nd the culture of rabbit infectious elements 
The last culture when titrated m chick and rabbit gave these titers estimated number 
of chick infectious imits per cc. 10* S estimated number of rabbit infectious units per 
cc 10- difference, 10*° 

It IS evident from this experiment that a few chick infectious particles may 
give nse m culture to large quantities of virus, and that this virus when tested 



268 


lOTECnOTJS UNIT OF VACCINIA 


has the same ratio between chick and rabbit titers as the initial material It 
IS evident then that the viral particles are essentially homogenous as far as 
this test IS concerned 


RESUME 

Earher studies of the First Revived Stram of vaccme virus seemed to indi- 
cate that infection m rabbits could follow the mtroduction of a smgle particle 
of virus It was soon learned that many more viral particles were present 
than were infectious m the rabbit, and it was therefore assumed that particles 
of 2 sorts coexisted m the suspension This conclusion was also arrived at 
by Gallagher and Woolpert (7), and the possibility is implied by Bryan and 
Beard (3) although with no experimental support Attempts to favor the 
growth of the rabbit virulent component of the culture were unsuccessful, as 
were also attempts to free the chick virulent of rabbit virulent particles by 
usmg very dilute viral suspensions as seed mocula m cultures These observa- 
tions seemed to cast serious doubt on the first hypothesis and to suggest that 
the viral particles were essentially homogenous, a result requiring an entirely 
different concept of the mechanism of mfection m the rabbit 

II The Comparalme Virulence of Vaccine Virus for Various Basis 

In the experiments outhned above a strikmg difference m vurulence of vaccme 
virus for 2 different hosts was demonstrated While it has long been known 
that not all animals are equally susceptible to all strams of a given virus, it 
seemed worth while to mvestigate the mfectivity of a number of other strams 
of vaccmia for several hosts, applymg quantitative methods as exact as condi- 
tions permitted 


EXPERIMENTAL 

It was proposed to make simultaneous titrations of a number of strams of 
vaccme virus of widely differmg virulence m a number of hosts, viz , rabbit 
(mtradermal moculation), mouse (mtracerebral inoculation), chick embryo 
(chono-aUantoic membrane), and guinea pig (mtradermal inoculation) 

Virus — ^\^irus of various sources ivas used, as follows — 

(o) Board of Health Stram (B H) Ongmally denved from the Nen York City 
Board of Health strain of virus, this strain has been propagated for several years in 
the testicles of rabbits Subsequently it has been propagated bj dermal inoculation 

(6) First Revived Strain of vaccme vnrus (C V I), denved from (a) and described 
m Part I above 

(c) Second Revi\ed Stram of vaccme virus (C V II), denved from (b) by serial 
rabbit passages to enhance its nrulence for this animal Passages w ere made before 
the virulence had dechned to its present level (5) 
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(d) Western Reserve Strain (\V R), derived from (o) by 18 passages m mice by 
mtracerebral inoculation (8) 

ie) International Health Division (I H D) A tram of virus presumably derived 
origmally from the B H strain, but propapited for many passages by intracerebral 
moculation of mice, and kmdly made available to us by Dr J E Smadel 

(J) Connaught Laboratories (C L) Probably derived originally from the New 
York City Board of Health stram it has been passed for many generations in rabbit 
skm, using elementary bodies as seed 

(g) Ohio State University — I (0 S U) Originally a Lilly stram of vaccmia, prop- 
agated first by calf moculation, and then on chick embryonic membranes, it was 
passed m fetal rabbits by Gallagher and Woolpert (7) with marked change in its 
virulence for adult rabbits It was kmdl> made available to us b> Dr E B Adams 
and was received m its twenty fifth fetal passage 

(h) Noguchi Ongmally a dermal stram of vaccmia, this was adapted to rabbit 
testicular propagation by Noguchi (9) It has smce been carried by rabbit testicular 
passage 

Animals — Rabbits and chick embryos were selected and used as m the espen 
ments of Part I I^arge, white guinea pigs were used m order to facihtate the readmg 
of skin lesions Siviss mice weighmg 15 to 25 gm were secured from a single dealer 

Titralton of Vtnts — As end point for all titrations the 50 per cent dilution was 
selected, with a theoretical moculum of 1 0 cc When mtradermal titrations were 
made, a macroscopic lesion appearmg after a latent penod and present for 2 days 
was recorded as positive Death of the animal was considered a positive result m 
the mtracerebral titrations smce m the case of mice it was not considered possible to 
make suffiaently accurate clmical diagnoses of illness Discrete lesions on the chick 
allantoic membrane were enumerated, and the results were adjusted on the assump 
tion that 0 69 particles were present per umt moculum when the SO per cent end pomt 
was computed Accordmgly the figures obtamed with chick membrane were divided 
by 0 69 before mclusion m the tables 

A number of titrations of each virus were made m the available host animals 

As far as possible parallel moculations were made at the same time from the same 
set of dilutions of virus Thus a smgle senes of dilutions of B H virus was divided 
mto 3, and inoculations made mtraderraally in rabbits intracerebrally m mice and 
mto embryonic membranes within 2 hours At least 4 moculations w ere made at each 
dilution usually 5 or more Membrane counts were based on at least 6 satisfactory 
membranes and usually on 12 mduding membranes moculated with 2 or 3 dilutions 

The results of these titrations are presented m Table n To facilitate com 
panson the rabbit mtradermal titer has been taken as standard, and titer in 
other hosts given m relation to this A titer lower than that m the rabbit is 
expressed by a positive, a titer higher than that m the rabbit by a negative 
logarithm Inspection of the table indicates that wide differences exist be 
tween the apparent titer m different hosts Taking as a senes the rabbit 
mouse-chick embryo results, there appears to be a regular gradation m virulence 
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m the order IHD = WR>BH>CVn>CVI, expressed in the increas- 
ing amount of vims requu-ed to produce infection Without final hypotheses 
as to the ultimate composition of the mfectious umt, it is apparent that an 
moculum producmg disease m a given host contams a definite amount of vmis 
If then another host be moculated, and requure for the production of disease 
100 tunes this vual concentration, it is reasonable to conclude that so far as 
the second host is concerned the vuus is less vuulent In comparmg the 
rabbit and mouse titers, it is seen that the W R stram gives only slightly higher 
titers m the rabbit skm than m the mouse bram The original B H vuus is 
definitely less virulent for the mouse, and with the C V II stram the difference 


TABLE n 

Ttlraiton of Vaccine Virus in Various Bests 


Strain of virus 

Comparative titer (logarithm)* 

Mouse (intracerebral) 

Oxick embryo 

Guinea pig (mtradermal) 

WR 

0 54 



IHD 

0 54 

0 56 

2 97 

BH 

1 15 

-0 53 

2 45 

c vn 

3 42 

0 32 

2 48 

CVI 

-t 

-4 83 

— 

OSU 

i 

— 

3 10 

Nogudu 

-0 41 

1 10 

2 30 

CL 

5 30 

0 33 

1 55 


* Figures represent loganthm of titer in rabbit skm mmus log of titer m specified host 
All reduced to a theoretical inoculum of 1 0 cc 

t No lesions with highest concentration of virus tested 


becomes impressive The C V I stram by our criteria is avuulent for mice m 
concentrations we were able to secure 
The difference m virulence is expressed further m the character of the re- 
action, and m the type of the titration curve In Figs 2 and 3 are presented 
titration curves of W R and C V 11 strams, respectively, m mice While the 
first departs defimtely from the Poissonian curve, the second bears almost no 
resemblance to it It appears that m addition to the requirement of greater 
quantity of vims to cause infection, other factors are operating, presumably 
to make the mfection which does occur a milder one and allow host factors 
which are of mmor importance m relation to a highly virulent vims to operate 
more effectively, thereby allowmg difference between individual animals to 
become more apparent This presumption is supported by data from the 
rabbit The vacanal lesions of B H stram resemble those of W R strain in- 
fection Those of C V n stram are characterized by almost complete absence 
of massive necrosis, and no endent necrosis at all occurs with C V I strain 
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Percent 



Fig 2 Titration of W R strain of vacania m the mouse Mortality per cent is 
percentage of mice succumbing within 14 days after mtraccrebral inoculation 



Fig 3 Titration of CVUstram of vaccinia m the mouse. Per cent positive repre 
sents the number of mice dying withm 14 days after intracerebral moculation 
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infection although examination with the microscope would probably reveal 
death of many mdividual cells A similar tendency toward change in shape 
of the titration curve exists as was seen when virus was titrated in the mouse 
With B H stram, or strams of similar virulence, no difficulty exists m demon- 
stratmg reasonably close correspondence between experimental and Poissoman 
curves when titrations m several rabbits are summed With C V II stram the 
agreement is less good, and with C V I stram some difficulty exists m showmg 
the relation While the data on C V I stram presented m Part I do not repre- 


Fei> cent 



Fig 4 Titration of C V IE stram of vaccmia m rabbits by mtradermal moculation 

sent the results of umque experiments, most efforts to demonstrate the typical 
titration curve by summmg the results obtamed m several rabbits have failed 
There are some data to support the possibility that results with this stram are 
more consistent when young animals are used for titration In the case of C V 
n stram, it was pomted out (3) that the curves origmally published do not fit 
the Poissoman distribubon exactly and subsequent experiments have confirmed 
this Results of such an experiment are presented in Fig 4 As before, the 
change is m the direction of flattening of the curve, a characteristic which will 
be discussed m greater detail later 

The figures m column 4 (Table If) mdicate that m general gumea pig titer 
IS much below rabbit titer of the strams observed They do not suggest any 





lU r, PAfiKER, L. H BRONSON, AND R H GREEN 


273 


striking gradation of virulence bet\\een the strains That such a difference 
did exist was evident from observation of the character of the lesions Those 
due to Noguchi virus characteristicallj proceeded to necrosis involving most of 
the onginal area of the lesion Necrosis occurred following mfection with B H 
stram but was much less extensive, while little if any followed inoculation with 
C V H or 0 S U strains With all of the strains positive opimons as to the pres 
ence or absence of lesions due to the more dilute mocula v> ere difficult to arrive 
at, the nature of the guinea pig skm probably contributed to this Variation 
was observed between animals, but as with rabbits the range of dilution between 
that producmg consistently positive and negative results was not much m 
excess of tenfold to fiftyfold Exact observations were not attempted 
That the “attenuation” of these strains of vaccmia for the mouse first and 
then the rabbit does not represent a pure loss as far as the vims itself is con 
ceraed is shown by the results of chick embryonic moculation K ability to 
mitiate infection in the passage host be taken as standard, no loss of virulence 
has occurred More, an actual increase has been produced, for the lesions 
produced by C V I stram are largerand more diffuse than those of B H stram 
and whereas heavy moculation with B H stram produces m 48 hours a membrane 
with confluent lesions, moculation with C V I stram in similar amount produces 
almost always a dead embryo Because of this, few membranes are seen with 
confluent lesions, and even with smaller mocula few embryos survive to the 
3rd day 


Vaccme virus of several strams has been titrated m several hosts, and the 
results have been presented Taking end titers as mdices, it is possible to 
arrange the strams m an order of virulence for mouse and rabbit with a mouse 
bram adapted stram (W R) first, then the ongmal calf rabbit stram (B H), 
a revived cultured stram (C V EE), and finally a degraded culture stram (C V 
I) When titration curves are determmed for each host a similar order is 
evident, although the data are not so exact It is shown that while mouse and 
rabbit virulence are declmmg m the cultured strams, an enhancement of viru 
lence for the passage host (chick embryo) is occumng and that the C V I 
stram, almost avinilent for the rabbit, is highly virulent for the chick embrjo 
In terms of end titer all of the strams of vaccmia (which were primarily rabbit 
strams) were markedly less virulent for the gumea pig, although no such marked 
gradation m virulence was observed m this respect as has been noted above 
Marked differences m the severity of the lesions produced were observed 

III Stcitsttcal Consideraitons tn Determination of the Infections Unit 
In Parts I and II of the present study, data were presented beanng on the 
mfectivity of various strams of vaccinia for several hosts, and attempts to 
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separate single strains from a presumed mixture of strams of virus were de- 
scribed It was shown that, both with regard to the end-titer of suspension 
and character of titration curve, gradation of \urulence can be demonstrated 
when several strams are studied It is proposed in the present section to con- 
sider these and other data m hght of the hypothesis origmally proposed that 
a smgle viral particle under the proper circumstances can give rise to infection 

It has been pointed out by Haldane that the commonly employed method of com- 
putation of X® which we used to determine the goodness of fit of our curves was not 
fully adequate, and he suggested the use of a more accurate method Apphcation of 
this to the data for one stram of virus mdicated that the hypothesis was a tenable one 
Bryan and Beard (3) apphed the method m a study of the vmis of rabbit papiUoma, 
as well as vaccinia, and pomted out that the proper calculation of goodness of fit 
for the data which we presented for other strams of vaccme virus mdicated that for 
these strams the hypothesis which we accepted was not tenable, an observation which 
we have confirmed They pointed out, moreover, that if the data for vaccinia were 
treated on the assumption that viral distnbution was unimportant, but that the 
response of the rabbit skm was vanable, and that the degree of resistance was normally 
distnbuted m terms of viral dose, a good agreement existed for all of the strams of virus 
between hypothesis and expenment On this basis, they were led to conclude that 
the variation m response to small doses of virus was an expression sunply of variable 
susceptibihty of different rabbits, and of variation m susceptibihty of different sites 
on the same rabbit They showed that good fit between hypothesis and experiment 
could be obtamed on the assumption that the degree of resistance to mfection was 
normally distnbuted, applying here the technique of Gaddum (10) 

EXPEMMENTAI, 

In this section it is proposed to reexamme certam already published data, 
and also to present the results of experiments designed to give information on 
the question of the possible rOle of host resistance m detennmmg the infectious 
unit of vaccmia 


Materials and Methods 

The experimental methods, strams of virus, and animals have been fully descnbed 
m Parts I and II of this commimication Relevant details will be added m connection 
mth mdividual experiments 

It was shown above that the infectious umt of virus for one host might repre- 
sent a thousandfold multiple of the amount of virus which comprised an m- 
fectious unit for another host Further, it appeared that as the xorulence of 
a xoral stram for a given host decreased, the titration curve m that host tended 
to depart more and more from the simple bmormal expansion, but that even 
with a nrus of low virulence for the rabbit, it was still possible to demonstrate 
that mfection appeared to follow the mtroduction of a smgle viral particle 
A definite departure from theory was found wnth the second revived strain of 
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culture virus, and an experiment was performed to gam more detailed infor 
mation 

Exptwntnl 6 —A suspension of virus of the C V n stram was freed of gross particles 
and dumped elementary bodies by strong centrifugation Prelunmary titration 
indicated a titer on rabbits of IQ~* ® and for accurate titration, therefore suspensions 
ere prepared m dilutions from 1(H ® to 10-’-^, at mtervals of 10~® * Rabbit mtra 
dermal inoculations v-ere made in amounts of 0 1 cc., and 10 inoculations of each 
suspension made m each of 6 rabbits 


TABLE m 

ResvJli of Tttrai%on of C V II Sitotn of Vacctnta Stmultantously in Several Rabbtis 
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The logical condusion from this experiment would seem to be that, while a 
titration curve constructed for this strain by poohng results obtamed mth 
several anunals is not a bmomial one, the data for each rabbit which contribute 
to the total do follow the bmomial expansion It appears, moreover, that as 
the vumlence of the virus mcreases, the summed curve tends to approach the 
bmomial expansion as the limit Additional evidence for this is obtamed from 
physical and chemical studies 

Br>'an and Beard pomted out that pubhshed data did not support the concept that 
one elementary body comprised an mfectious unit Reexammation of the papers 
quoted by them does not support them mteipretation Thus accordmg to McFarlane’s 
data (11) 1000 elementary bodies would be needed for an infectious unit (12 o), how- 
ever his preparations were apparently highly impure (12 b) The figure amved at 
by Sprunt, Marx, and Beard was 366 elementary bodies per infectious unit (13) 
This was based on physical characteristics detemuned by others, with different strains 
of virus, and the authors themselves gave very scanty data on the methods for punfy- 
mg the suspension They referred hkewise to the figure of 42 elementary bodies per 
mfectious unit based on work of Parker and Rivers (14) The preparations made m 
that study were not microscopically pure, as was pomted out at that tune, although 
examination of the stamed sediment did reveal a “mmimum of extraneous material ” 
Later mtensive work on the physical and chemical constitution of vaccmia has con- 
tinued to yield much mformation, and methods of punfication have progressively been 
refined m that laboratory The most recent relevant pubhcation (12 b) mdicates a 
ratio of 4 2 elementary bodies per infectious unit, calculated from data on size and 
density obtamed in the same laboratory Further, the punty of the suspensions was 
checked and confirmed by ultracentnfugal analysis 

If the logic long honored m chemical research is applied to the data ated 
above, the conclusion seems mescapable that as purer suspensions of virus are 
obtamed, the number of elementary bodies per mfectious unit for virus of high 
virulence approaches 1, and the fact that with unpure preparations it is higher 
substantiates not vitiates this conclusion 

As was noted m Part II the infectious umt of vaccme virus for the gumea 
pig contamed many rabbit skm infectious units, and likewise some difference 
was observed m the reactmty of smgle pigs While conditions of space as 
well as difficulties m exact classification of reactions precluded exact measure- 
ments, it was evident that the character of the titration curve for the mdividual 
pigs was not mconsistent with a bmomial distribution of lesions Smularly 
wnth C V I stram m rabbits, the infectious umt comprised many chick infectious 
particles It was shown that with C V If stram, while the distribution cal- 
culated from the sum of several rabbit titrations did not follow a Poissonian 
distnbution, the titration curve of each mdivndual rabbit very definitely did 
It appeared important, therefore, to reexamme the results obtamed with C V I 
stram 
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Experiment 7 — k large volume of culture of C V I stram was prepared free of 
tissue, and concentrated by centrifugation The vmis was m its ^ty third culture 
passage m this laboratory Titration m chick embryonic membranes indicated a 
concentration of chick infectious particles of 10® ' per cc From the roncentrated 
suspension twofold dilutions were prepared, and inoculated mto rabbits m 0 1 cc. 
amounts, 10 moculations per rabbit per dilution The rabbits were observed daily, 
and presence or absence of lesions at the site of inoculation was recorded As before, 
difficulty was expenenced m dassif 3 nng the results with complete assurance, the 
data accepted represent the opmion of 2 observers They are presented m Table IV 


TABLE IV 

Tiiridton of C V I Strain of Vaccine Virus in Rabbits 


DJnboQ of luspnuioa 
(logtrithm) 

Rabbit No 

5*76 

S77 

5 78 

5 7» 

5-80 

5^1 

Total 

0 0 

10* 

10 

10 

10 

10 

St 

58 

0 3 

10 

10 

10 

9 

10 

10 

59 

0 6 

10 

10 

10 

7 

10 

10 

57 

0 9 

10 

8 

9 

5 

10 

10 

52 

1 2 

7 

9 

7 

1 

10 

10 

44 

1 5 

0 

6 

0 

0 

9 

0 

15 

1 8 

0 

0 

0 

0 

0 

0 

0 

2 1 

0 

0 

0 

0 

0 

0 

0 

2 4 

0 

0 

0 

0 

0 

0 

0 

2 7 

0 

0 

0 

0 

0 

0 

0 

50 per cent dilution 

1 29 

1 47 

1 26 

0 72 

1 63 

1 35 

1 32 

P (1 particle) 

<0 001 

<0 001 

<0 001 

0 48 

<0 001 

<0 001 


P (4 particles) 


0 07 






P (10 particles) 

0 22 

0 01 

0 31 

<0 001 

0 14 

0 06 



* Number of moculations positive of a total of 10 
t Total of 8 moculations of this dilution 


Inspection of Table IV reveals marked disparity between theory and experi 
ment for the summed titration curve Separatmg this mto its component 
curves does not help much, as inspection of the row designated P (1 particle) 
mdicates In one set (R 5 79) good agreement is mdicated, m the others 
the hypothesis that a single particle causes infection is obviously imtenable 
When the data are reconsidered on the assumption that 10 particles are re 
quired to cause infection, 4 of the sets mdicate a possibility of agreement with 
the hypothesis and the remammg set can be harmonized with the assumption 
that the number of particles required is mtermediate 

RESUAI^ 

The data presented in this part appear to mdicate that with mcreasmg 
virulence of a viral stram the titration curve deri\ ed from the results of mocula 


278 


^ INFECTIOUS UNIX OF VACCINIA. 


tion of several rabbits tends to approach as its limit the Poissonian bmomial 
curve, and reconsideration of pubhshed data on the physical characteristics of 
an infectious unit mdicates that with virus of maximum virulence an infectious 
unit IS contamed m a smgle elementary body As virulence dedmes, the in- 
fectious unit comes to contain more and more elementary bodies, and the titra- 
tion curve departs more and more from its origmal form When the loss of 
virulence is moderate, as it is with the C V II strain, examination of the titra- 
tion on mdividual rabbits mdicates that for a smgle animal the binomial ex- 
pansion, usmg the assumption that smgle partide mitiates infection, describes 
the findmgs adequately The lack of agreement ivith theory of the summed 
curve is largely due to variation between rabbits When virulence is almost 
completely lost, as it is m the C V I stram, not only does the summed curve 
tend to depart from the origmal one, but the data of the individual animals 
also tend to become discrepant Here the curve does not have a decreased but 
a sharply mcreased slope, the tendency is m the direction which would be 
expected on the assumption that more and more partides are required to initi- 
ate infection As with the other stram of virus, variation m susceptibility of 
rabbits is observed 


DISCUSSION 

It was postulated by early workers m the field that the viruses require an 
mtracellular location for growth Subsequent work has tended only to sup- 
port that conception, and it seems well established now that while the virus 
of vaccmia will survive tn vitro m the absence of livmg cells, for multiplication 
it requires livmg cells, and some evidence is aheady available that it requires 
cells of a particular sort Thus it was shown by Rivers (15) that in the cornea 
it was prmcipally the young cells, grow mg m response to the stimulus of trauma, 
which are readily available for vaccmal mfecbon Further, the data of Part If 
strongly suggest that difference exists between embryonic and fully differen- 
tiated cells with regard to susceptibility to infections Much supportmg evi- 
dence for this conception might be gathered from characteristics of other 
xnruses, e g , the predilection of the pohomyehtic virus for anterior horn cells, 
of loupmg ill mrus for the monkey’s Purtuye cells, of viscerotropic yellow fever 
for hepatic, and of neurotropic yellow fever for nervous cells 

Obligate parasitism connotes an mability of the parasite to survive without 
deriving energy from a more complete organism, and the mtracellular habitat 
of xnruses strongly mdicates that the source of energy for the virus is located 
near the heart of the cell’s own economy If this be true, adaptation on the 
part of a X unis would consist m development of those energy -producing systems 
which would function most efficiently m the presence of the particular condi- 
tions existing withm the available cells Cells are known to differ widely m 
their composition and energj-producmg mechanisms, a difference v hich v ould 



R F PARKER, U B BRONSON, AND R, H GREEN 


279 


be expected to reach its full development with the maximum differentiation of 
the cell It is not implied that such differentiated cells bear no physiologic 
resemblance to other fully differentiated cells of another sort, but it seems ap- 
parent that profound differences may exist, and it does not seem unlikely that 
virus uell adapted to survival under one set of conditions, might find another 
mtracellular situation so unsuitable for multiplication as to render successful 
parasitism impossible Accordmgly, with regard to the mitial phases of viral 
infection each host is to be regarded not as a single animal, but as a umverse 
of cells differmg widely m internal composition, some suitable, some unsuitable 
for viral multiphcation The possibihty that such a situation nught exist was 
suggested by Sprunt and McDearman (16), who pomted out that the “proba 
bihty of insertion” of a particle was really the probabilitj that the moculated 
particle reached a susceptible cell A virulent virus then would be one capable 
of denvmg energy from a system common to many cells Loss of virulence 
might be the expression of general loss of “growth potential,” but it might also 
be the expression of the development on the part of a viral stram of capacity 
to parasitize cells having one sort of make up at the expense of ability to para 
sitize a cell with different predommatmg energy systems ‘Virulence” then 
has meanmg only when both mtus and host are exactly characterized In 
dev elopmg this conception fully, it might be postulated that differences between 
mdividual animals with respect to viral mfection are expressions of differences 
m the proportion of cells available and unavailable for parasitism With a 
fully virulent virus, able to parasitize cells of a wide range, the probabihty of 
infection would be essentially the probability of msertion of a viral particle 
With dedme m virulence for a given host (perhaps m the course of adaptation 
to a different host) fewer and fewer cells would be available for parasitism, and 
2 factors would then combme the probabihty of mclusion of a viral partide m 
the moculum, and the chance of a viral partide entermg a susceptible cell 
If but 1 host animal is available, no possibility exists of distinguishmg between 
these possibihties on the basis of the results of moculation However, it is 
likely that with decreasing virulence and smaller number of cells available, 
individual animals will differ m the proportion of susceptible to resistant cells 
Then, as far as the mdividual animal is concerned, the distribution of lesions m 
relation to viral concentration will remam the same, but combination of the 
data from several animals will no longer give a bmomial distribution To the 
bmomial distribution obtamed when the smgle anunal is observed, has been 
added a normal distribution expressing the differences between animals The 
data mdicate that this is the case here 

It was shown that the difference m titer of C V I stram of virus as determined 
m 2 hosts was of the order of 10®, the hypothesis elaborated above would imply 
that the ratio of C V I susceptible cells between chick embryo and rabbit is of 
the order of 1-10® If this be true it is difficult to visualize the w’ay m which 
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infection, even if initiated, could be mamtamed, but m this circumstance other 
factors enter It may be taken as axiomatic that only virus which enters sus- 
ceptible cells can cause infection, but it must also be recognized that the viral 
particles do not necessarily have a predilection for entermg such cells In fact, 
exammation of tissues after mjection of identifiable particles shows that there 
IS a marked tendency for the foreign material to be engulfed by cells of a par- 
ticular type which have been vanously designated, but may be described gener- 
ally as phagocytes Some of the material also enters lymphatic chaimels and 
IS removed to a distance It does not seem unreasonable to assume that the 
locally pathogenic action of viral particles earned away m lymphatics or en- 
gulfed by phagocytes may be reduced when not prevented completely This 
leaves a proportion of particles, assumed to be constant for each annual, which 
are free to enter other cells of various sorts, and it is upon the chance that these 
cells are susceptible to viral growth that the chance of infection depends 
Therefore, the infectivity ratio of 1-10® does not necessarily mean that for each 
rabbit cell available to mfection there are 10® unavailable, but simply that the 
chances of a particle entermg a susceptible cell are 1 m 10® To this must be 
added the possibihty that the infection which might arise from parasitization 
of a smgle cell might not cause a tissue reaction of sufficient magnitude to pro- 
duce that erythema and edema which are essential to a diagnosis of local vac- 
cmal infection The combmation of several such foci, each arising from a 
smgle cell, might, however, cause visible signs of inflammation The data of 
Experiment 7 are consistent with this postulate It is not to be anticipated 
that the number of foci mvolved in different rabbits will be uniform, for aside 
from the chance of combmation of foci, there is added the variation m reactivity 
of rabbits to a uniformly noxious agent Likewise too much stress is not to be 
laid on the fact that good agreement is obtamed between an experimental curve 
and a theoretical one deduced from the assumption that 5 or 10 or any other 
number of foci must be present to cause visible signs of infection Many 
factors are operatmg, not all of which are known, to produce the observed distri- 
bution The essential element is that the slope obtamed is much steeper than 
expected for a 1 particle distribution, which is consistent with the hypothesis 
proposed, and which would not be expected to follow the operation of the usual 
random errors 


CONCLUSIONS 

A study has been made of the comparative virulence of several strams of 
\accme r-irus for a number of hosts, and wide variation m animal susceptibility 
has been demonstrated The results obtamed m experiments with a chick- 
embiyo-adapted stram are mterpreted as mdicatmg that the particles of virus 
are of essentially imiform virulence Results of statistical analyses are pre- 
sented which mdicate that as the vurulence of a stram of varus mcreases the 
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number of elementary bodies per mfectious unit approaches 1, and at that 
limit the chance of mfection is governed primarily by the presence or absence 
of virus m the moculum With lower vmilence the chance of a lesion following 
moculation of vuiis is still described by the bmomial theorem, but the actual 
distribution is prunarily of susceptible cells not of viral particles It is postu 
lated that with regard to the proportion of cells available for parasitism, differ 
ences exist between different anunals of a species, and that this distribution is 
of a normal character 
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The investigations of von Mermg and Mmkowsb (1890) first demonstrated that 
it IS possible to resect large portions of the pancreas without producmg diabetes or 
glycosuna Minkowski (1890, 1893) found that as little as one-quarter or one fifth 
of the pancreas suffices to control glycosuna Allen (1913) observed that diabetes 
follows very rarely when one-sixth or one-seventh of the pancreas remams, with an 
eighth of the pancreas remaining diabetes is mOd, if only one tenth remains the 
diabetes is pronounced, although m the experimental protocols there were cases with 
out glycosuna m dogs in which only 2 to 3 gm of pancreas remained Both Mm 
kowski and Hedon (1898) found that very small portions of the pancreas prevent 
diabetes, although it was easier to produce ahmentary glycosuna m depancreatized 
than m normal animals 

Allen (1913) obtained similar results He demonstrated also that a neb carbo 
hydrate diet may alter the function of the remammg pancreatic tissue rendering it 
msuffiaent and producing diabetes progressively pronounced Confinnmg these 
results, It was found man y years ago m this laboratory that a large sugar intake (50 
to 100 gm daily), starting soon after the operation determined the appearance of 
progressively pronounced diabetes in the great majonty of dogs havmg 2 to 3 gm of 
pancreas but very rarely m those having 5 to 6 or more gm of pancreas It was 
observed also that only the total resection of the pancreas produces very pronounced 
diabetes with any certainty m healthy dogs that are properly fed "With subtotal 
resection it is not possible to predict what the immediate intensity of the diabetes will 
be By leavmg 0 9 to 1 6 gm of panaeas after resection m dogs of 9 8 to 13 5 kilos 
a mild diabetes (diabetes of Sandmeyer) was obtamed which progressed to fatal ter 
mination (Quian, 1932, 1933) Three dogs weighing 7^ and 10 kilos left with 
2 to 3 gm of pancreas and 6 dogs weighing 6 7 to 10 kilos left with 4 to 6 gm of pan 
creas mamtamed normal glycemia after operation In only one of them was there 
glycosuna and a shght degree of hyperglycemia (Houssay, Biasotti and Rietti, 1932) 

It has subsequentlj been confirmed m a greater number of dogs that if 4 or more gm 
of the gland remarn onlj exceptionally are hype^lyi»mia and glycosuna observed 
with 3 gm of pancreas about 50 per cent of the animals mamtam normal glycemia 
without glycosuna and the other SO per cent have mild diabetes which is progressive 
and results in death m cachexia 

In the first days followmg subtotal resection of the pancreas glycosuna frequently 
IS observed It may be produced by traumatic alteration and postoperative degener 
ation of the pancreas and subsequently disappear or remain If small doses of insulin 

233 
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(5 to 10 units per day) are injected for a penod of 8 to 10 days the animak recover 
more promptly than those not receivmg it With msuhn treatment it is possible to 
have animak with the smaller amounts of pancreatic tissue free from glycosuna and 
diabetes 

Dogs with reduced pancreatic tissue are very sensitive to the diabetogenic action 
of extracts of the antenor hypophysis They develop hyperglycemia ivith smaller 
doses than do normal dogs and if the mjection of the antenor hjiwphysis is con- 
tmued for a prolonged penod they may become diabetic and die in cachexia m a few 
days or weeks even though the injections are suspended (Houssay, Biasotti, and Rietti, 
1932, Houssay, Biasotti, Di Benedetto, and Rietti, 1932, 1933) These experiments 
were the first demonstration of permanent diabetes elicited by injection of extract of 
antenor hypophysis This diabetes remamed after discontmumg the mjections of the 
extract The results have been confirmed on the cat by Dohan and Lukens (1939) 
and Lukens and Dohan (1940) and m the rat by Long (1937, 1939) 

Smce 1932 we have observed that a return of normal glycemia may be m- 
duced m animals diabetic from mjection of anterior hypophyseal extract if the 
hypophysis is resected or if msulm is mjected The use of msuhn promotes 
heahng of the histologic lesions of the pancreatic island m the cat accordmg to 
Lukens and Dohan (1940) Hypophysectomized dogs weighmg 8 to 10 kilos 
havmg about 4 gm of pancreas are very sensitive to the action of the extract of 
antenor hypophysis although the glycemia returns rapidly to the normal level 
soon after suspendmg injections (Houssay and Biasotti, 1938, Houssay, 1939) 

Insuhn content and histopathological methods have been used to appraise the 
endocrme fimction of the pancreas but a more direct physiological measurement 
IS preferable The present studies were undertaken to test the functional capa- 
aty of the pancreas with various degrees of surgical reduction and under such 
strams as result from mtravenous glucose and mjection of antenor hypophy- 
seal extract Further observations of this function were obtamed by the use 
of the temporary (Gayet) graft of the altered pancreas m animals with complete 
pancreatectomy 

Experimental Procedure 

We have made comparative studies of the fimction of the pancreas at rest 
and under conditions of stram m normal dogs, m dogs with the pancreas surgi- 
cally reduced to about 10 gm , which is a reduction of approximately 50 per cent 
of normal, and m dogs with the pancreas reduced to about 4 gm , uhich repre- 
sents a reduction to approxunatelj 20 per cent of normal In these animals 
some w eeks after the healmg of the operative wound determmations ii ere made 
of (1) gljceima before and after meals, (2) the hy-perglycemic curve produced 
bj mtrax enous admmistration of 1 gm per kilo of glucose, (3) the diabetogenic 
dose of anterior lobe of the bovme hypophysis, and (4) the msulm secretion of 
pancreas grafted bj xascular anastomosis m the cervical region of the pan- 
createctomixed diabetic dogs 
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Methods — ^Dogs weighing 8 S to 13 lalos were used, the great majonty were 9 to 
12 kilos and males They were fed about 30 to 40 gm per kilo of raw beef given m 
one meal at 2 p m every day In the morning fasting blood for glucose detennma 
tions was taken from an incision on the edge of the ear The Hagedom Jensen method 
for glucose determmation was used after precipitation by the Somogyi method 
The tolerance to glucose was tested m non anesthetized animals injected intra 
venously with 1 gm of glucose per kilo of body weight m 33 per cent solution in 

TABLE I 


Intravenous Injection of 1 Gm of Dextrose perKtlo wihout Anesthesia Time tn Which the 
Glycemia Returned to 120 Mg Per Cent 



1 No of animals 

Time of return 

1 hr 

Hin 1 

2 bra 

3 bra 

More than 
Shrt 

Normal dogs : 

n 

1 * 

1 

1 

B 

— 

Dogs with pancreas reduced to 10 gm I 



1 ! 

B 

— 

Dogs with pancreas reduced to 4 gm | 

B 

3 j 

1 

B 

1 


TABLE n 

Dogs vnth Reduced Pancreas of 4 Gm Byperglycemtc Curves after the Injection by Intravenous 
Route of 1 Gm of Glucose per Kilo of Body Weight 


D^No 

Weight 

Dtjra post 
operatlre 

Blood logar 

Before 

lajectioe 

15 min 

1 hr 

1} hrs 

2hj9 

3hn 





mg Per 

mg ptr 


mg per 

mg per 





cent 

cent 

eetU 

cent 

cent 

5-5 




299 



99 

96 

S-6 

12 0 

16 


287 



140 


5-i 


20 


252 

116 

101 

— 

97 

6-1 


20 


258 

181 

154 

123 

93 

6-2 

9 5 

20 

83 

284 

195 

154 

139 

97 

5-2 


20 

107 

335 

211 

180 

151 

122 

S-0 

8 5 

24 

117 

306 

1P4 

146 

13? 

JJO 

72 

5 0 

54 

113 

282 

115 

90 

83 

81 

7-3 

10 0 

32 

92 

233 


96 

87 

83 

75 

6 3 

29 

110 

313 


138 

119 

98 


distilled water Samples of blood were taken before the mjection of dextrose and 15 
minutes, 1, 1^ 2, and 3 hours after The animals received no food during the 19 
hours before the injection and were kept fasting during the test 

Extract of the anterior hypophysis was injected intrapentoneaDy twice a day for 
4 days An extract of the antenor lobe of the bovme hypophysis in saline solution 
was used The glands were frozen with carbon dioxide snow as soon as they were 
obtamed shortly after the animals were slaughtered The extracts were prepared at 
a temperature of 2^®C and were kept frozen until the moment of the injection in 
order to avoid a decrease in potency m the diabetogenic hormone. 

InjecUons of equal doses of anterior hypophysis extract were given daily for 4 
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days and then were discontinued for from 3 to 10 days If the glycemic level of ISO 
mg per cent was not produced a larger dose was given the follomng week until the 
desired hyperglycemia was elicited When the desired level was reached injections 
Were discontinued for at least 10 days The milligram dose per kilo per day injected 


TABLE m 

Dogs vnih Reduced Pancreas of 10 Gm Byperglycemtc Curves after the Injection of 1 Gm 
Glucose per Kilo of Body Weight by Intravenous Route 


Doff No 1 

1 

Weight 

Days post* 

Blood sugar 

operative 

Before 

injection 

IS roin 

I hr 

U hrs 

2 hrs 

3 hrs 


tg 


tng Per i 
cent 1 

mg per 
cent 

mg per 
uni 

mg per 
cent 

mg per 
cent 

mg Per 
cent 

5 

9 0 

9 

95 

236 

171 

86 

84 

86 

1-8 

Wmm 

36 

95 

253 

153 

103 

98 

75 

1-6 


47 

82 

253 

100 

85 

82 

75 

1-4 

8 2 

SO 

98 

i 240 

110 

87 

82 

85 

4 

8 0 

59 

99 

258 

157 

132 

117 

92 

2 

9 0 

61 

99 

236 

137 

115 

97 
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TABLE IV 

Normal Control Dogs Hyperglycemic Curves after Intravenous Injection of 1 Gm Glucose per 

Kilo of Body Weight 



1 



Blood sugar 



Dos No 

Weight 







Before | 
injection j 

IS mm 

1 hr 

IJ hrs 

2 hrs 

3 hrs 



mg Per cent 

mg percent 

mg percent 

mg Per 
cent 

mg per 
cent 

mg per 
cent 

1 

9 0 

83 

274 

62 

56 

61 

64 

2 

13 0 

77 

357 

179 

143 

93 

67 

3 

8 0 

80 

131 

80 

85 

78 

99 

4 

7 5 

71 

156 

75 

83 

75 

80 

5 

10 0 

76 

163 

91 

91 

87 

81 

6 

6 0 

82 

211 

108 

86 

84 

77 

7 

12 0 

91 

163 

94 

84 

96 

87 

8 

9 0 

80 

200 

95 

86 

80 

89 

9 

8 5 

94 

200 

100 

87 

94 

100 

1-0 

10 5 

118 

230 

182 

100 

86 

94 

1-1 

10 5 

100 

238 

84 

88 

80 

94 


during these 4 days in each experiraent was 20, 40, 80, 100, ISO, 250, 500, 1000, 1500, 
or more untd a positive effect was obtamed 

The capaatj to secrete msuhn as determmed by the effect on diabetic hj-per- 
gljcemia was studied b> graftmg the pancreas in the neck of dogs 20 hours after pan- 
crcatectomv This technique has been used b> Gavet and GuiUaumie (1927, 1928), 
b} Gajet (1933), and b> Houssa> , Lewns, and Fogha (1928, 1929) 

The axtirpation of the pancreas was performed aseptically m dogs anesthetized with 























Return ofGlood S<J9ar to Normal after Injectionofgtucose 


Ant Pit Lob 



OoM of Anterior PituFtary Lobe Required to Produce Diabetes 


Houcs 



Correction of Diabetes t^ntncreatlc Graft 


Fig 1 Each column corresponds to one experiment m a different anim al First 
row In black time m hours for the return of blood sugar to 1 20 per cent or lower 
after the mtravenous mjection of 1 gm of ^ucc^e per kilo In white glycemia not 
falling to 1 20 per cent Second row In black daily mtrapentoneal dose of alkaline 
extract of fresh bovme antenor pituitary gland per kilo per day for 4 days which 
raised the blood sugar to 1 50 per cent or more In white this degree of hyper 
glycemia was not produced Third row Pancreatic graft m neck. In black time 
m hours necessary for the fall of diabetic hyperglycemia to 1 20 per cent or less In 
white cases in which hyperglycemia did not fall to this level m 6 hours 
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ether In order to leave only 4 gm of the pancreas, the free end or duodenal tad 
was resected, and of this 4 gm were weighed and the size of this sample served as a 
gauge for the amount of pancreas to be left mtact A ligature was placed in the 
side of the gland adhenng to the duodenal wall and the splenic end was resected 
Starting near the pylorus, the pancreas was extirpated untd there remained onl3' a 
mass of tissue around the mam pancreatic duct of Santonni of a size equal to the 4 
gm portion previously weighed 

To leave tn situ about 10 gm of pancreas, the free duodenal and the splenic end 
W'ere resected and the pancreatic tissue beside the duodenum was left untouched 
The weight of the remammg portion varied from 8 5 to 115 gm as calculated by 
subtracting the weight of the amount resected from the average w eight of the pan- 
creas of several dogs of similar body weight Aliz6n Garcia and Lewis (1933) have 


TABLE V 

Esse of Gl^cemta Caused by Action of Extract of Fresh Anterior Lobe of Bonne Hypophysis 6v 
Intrapentoneal Route during 4 Successive Days tn Z Dogs vnth Pancreas Reduced to 10 Gm 



Dog 2-6 

Dog 5-4 

Anterior 

Blood sugar 

Blood sugar 

lobe daily 

Days after injection 

Days after injection 


Before 

1 

2 

3 

4 

Before 

1 

2 

3 

4 


mf pff 
cent 

mg per 
uni 

mg per 
cent 

mg per 
cent 

mg per 
cent 

mg per 
uni 


mg per 
cent 

mg per 
cent 

mg per 
cent 


84 


82 

78 

101 

97 


84 

105 

89 

80 

80 

mm 

127 

123 

144 

78 


91 

96 

83 

150 

74 

105 

102 

128 

151 



78 

91 

89 

250 

111 

114 

123 

181 

177 



88 

99 

79 

500 






■9 


82 

94 

103 

1000 







87 

83 

93 

141 

1500 







88 

107 

122 

114 

2000 

B 

B 

H 

H 

B 


102 

93 

112 

211 


Sensitive to ISO mg per Lg dadj 


Sensitive to 2000 mg per kg daily 


made deteiminations on 193 dogs to establish the ratio between body weight and the 
weight of the pancreas In a high percentage of dogs of 7 5 to 10 kilos the pancreas 
weighed 16 to 20 gm 

Glyccmia before and after Meals — ^The glycemia was determmed m the morning 
after a fasting penod of 18 hours, the animab bemg accustomed to the laboratory and 
quiet In these cases the mean fastmg blood sugar m dogs with 4 gm of pancreas 
was 89 mg per cent, m those with 10 gm it was 91 mg per cent, and m normal dogs 
90 mg per cent In some dogs the blood sugar was determined before, dunng, and 
after a meal consistmg of 35 gm of raw beef per kilo of body w eight The variations 
observed m the glj comic curve were substantially identical in the three groups of 
animals 

Glycemtc Ciiree after Injection of Glucose— Mthough the three groups of animals 
had gh cemia withm the normal levels, the mtravenous mjcction of 1 gm of glucose 
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per kilo of body weight produced a condition of strain on the pancreas and revealed 
that some of the animals with reduced pancreas had a more prolonged hyperglycemia 
than the normal animals The glycemia returned to a level of 120 mg per cent in an 
hour m 9 out of 11 normal dogs, m IJ to 2 hours m 4 out of 6 dogs with 10 gm of pan 
creas and m 3 or more hours in 5 out of 10 dogs with 4 gm of pancreas (Tables I to 
IV and Fig 1) 

DiabtlogeniC Doses of Extract of Anterior Hypophysis — 20 per cent saline or 
alkalme extract of anterior lobe of fresh raw hypophysis was injected mtrapentoneally 
The daily dose was administered in two injections, one in the momrngand the other 
m the afternoon for 4 successive days When the glycemia determmed m the mom 
mg and 18 to 20 hours after the last mgestion of food reached a level of 150 mg per 
cent or higher the result was considered positive The /actors that may alter the 
results are the potency of the extract the diet, and the sensitivity of the animal 
The glycemia does not increase if the animal does not eat When the daily dose was 
meffective a larger dose was mjected the followmg week and if this dose was also 
meffective a still larger dose was tned until that dose was found which produced the 
required degree of hyperglycemia (150 mg per cent) (Table V) 

RESULTS 

In Table VI and Fig 1, the results obtained are summarized 70 per cent 
of normal dogs gave positive results with 1500 mg of fresh anterior lobe of the 
hypophysis per kflo per day, the maximum glycemia observed was of 3 22 per 
cent, the average 1 78 per cent With 1000 mg per kilo per day there were S3 
per cent positive results and with 500 mg per kilo per day only 14 per cent were 
positive Seven out of 12 animals with about 10 gm of residual pancreas were 
more sensitive to the extract of the hypophysis, there was hyperglycemia 
higher than 1 5 per cent m 5 with daily doses of 500 mg per kilo, m one with 
ISO mg , and m one with 80 mg In the last 2 animals, the pancreas showed a 
marked insufficiency in its capacity to resist the action of pituitary extract 
In 5 animals, however, the resistance was similar to that of control animals 
with a normal pancreas 

In dogs with 4 gm of pancreas a great sensitivity to the diabetogenic action 
of the hypophysis was observed Positive results were observed m all the am 
mals with doses of 40 to ISO mg per kilo per day, m other words with doses 10 
to 25 times smaller than those that produced positive results m about 50 per 
cent of the control animals m 4 days 

In addition to the animals mentioned m Table VI, there were 9 hypophysec 
tomized dogs with 4 gm of pancreas For these the dose of anterior hypophysis 
extract required to produce glycemic levels higher than 1 5 per cent (frequently 
higher than 2 per cent and m a few instances reachmg 3 per cent) was 20 to 40 
mg per day and kilo 

In the great majority of the mjected animals exammation of the h\ er revealed 
a fatty appearance regardless of the status of glycemia A resistance to the 
action of msulm mduced by extracts of anterior hypophysis first noted m 1933 
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m dogs m this Institute has been repeatedly observed since that time Tins 
action has been found m animals with or without h^'perglycemia and m dogs 
with reduced pancreas 

The sensitivity of the dogs to the action of the extract of hypophysis was 
fairly constant but m a few cases it did mcrease or dumnish slowly For ex- 
ample dog 7-5 with 4 gm of pancreas showed the same sensitivity to 80 mg of 
extract per kilo of body weight m determmations made on August 19 and Oct- 
ober 21, and dog 7-3 gave a positive result with 250 mg of extract on September 
2 and also a positive result with 80 mg on October 21 

TABLE VI 

Daily Dose of Fresh Anterior Dole of Bovine Hypophysis in Mg per Kilo That Caused Increase 
of Glycemia to ISO Mg Per Cent unthin 4 Days 



* The glj cemia level did not reach ISO mg per cent even •mth doses of 2500 mg of antenor 
lobe 


Secretion of Insidtn — 

The duodenum-pancreas was grafted in the neck of chloralosed diabetic dogs, 
pancreatectomized 24 hours before By means of Payr's cannulas, the carotid artery 
of the receptor was anastomosed to the cehac artery of the duodenum-pancreas and 
the jugular vem to the portal vem of the graft The temperature of the imgatcd 
graft was mamtamed at about by a thermostatic control All results obtained 
from experiments m which there was a faulty circulation through the graft or visible 
abnormahties of the pancreas or cyanosis or death of the receptor dog, were dis- 
carded With the pancreas of about 10 gm the graft was perfused for 6 to 8 hours 
and with that of 4 gm the graft was perfused for 8 to 10 hours 

The grafted pancreas regulates the glycemia, replacmg the function of the 
pancreas in situ The gl> cemia is mamtamed withm the normal levels and 
insiilin IS secreted accordmg to the humoral stimulation and the glycemic level 
It prevents or corrects the diabeUc hyperglycemia For example, m a dog 
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panCTcatectomized 20 hours before, the grafting of a duodenum pancreas pro 
duces a rapid decrease of the glycemia, reachmg the normal level m 3 to 5 hours 


TABLE Vn 


Graft of Pancreas to Carotid and JuiuJar of Dogs Hade Dtalelic hy Pancreatectomy Z4 Bouts 
Previously Numler of Cases tn TV hch the Gl^cemta of the Receptor Relumed to a Level 
of IZO Mg Per Cent or Lover in a Given Numler of Hours 



1 Decreuc fn bn 

j 

1 SiuTiDuiry 

Pftaaeu grafted 

3 

1 

4 

s 

IS 

in 6 or 
more 
hn 

Total . 
No of 
aoimab 

Dec ease 
in 3-5 
hn 

Decrease 
in 6 or 
more 
hrs 

Total and normal 

3 

4 

4 

1 

1 

13 

11 

2 

Reduced to 8-10 gm 

1 

3 

1 

3 

5 

13 

s 

8 

Reduced to 4 gm 

- 

- 

- 

1 

9* 

10 

0 

10 


• Two dogs had decrease m 7 hours remaining 7 had no decrease dunng the 8 to 10 hours 
under observation 

TABLE Vm 

Graft of Duodeno-Pancreas of Normal Dogs to the Neck of Dogs 
Pancreateetomu,ed Z4 Hours before 
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TABLE DC 


Graft of Duodeno-Pancreas of Dogs vnth Redticed Pancreas by Pancreatectomy to 10 Gm tn the 
Neek of Dogs Pancreatcclomized 20 Hours before 



TABLE X 

Graft of Duodeno-Pancrcas of Dogs anih Reduced Pancreas by Subtotal Resection to 4 Gm in the 
Neck of Dogs Pancreatectomized 20 Hours before 
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rapid ^hen the grafted pancreas comes from a heavier dog than the receptor 
and IS slower when the ratio is reversed A graft of reduced pancreas (3 58 to 
9 8 gm ) m the neck of pancreatectomized dogs was observed to produce a less 
rapid return to normal glycemia Reduction of the pancreas for graft was 
made immediately before transplant 

In our experiments, we compared the secretion of msulm of the whole pan 
CTeas and of the pancreas reduced to 10 and to 4 gm by surgical operation 
carried out weeks or months before (Tables IX and X) 

Graftmg of the pancreas reduced the normal level of the glycemia m diabetic 
dogs withm S hours m 11 out of 13 when the total gland was grafted, m 5 out 
of 13 when the graft had 10 gm of pancreas, and m none when the graft had 
only 4 gm of pancreas The fall to the normal glycemia was not reached m a 
period of 5 hours m 2 out of 13 when the total pancreas was grafted, m 8 out of 
13 with 10 gm of pancreas, and in 10 with 4 gm (Tables VII to X) Therefore, 
normal secretion of msulm occurred m only 5 of the 13 with a pancreas of 10 
gm (Tables VII and IX), and m none with a pancreas of 4 gm (Tables VH 
andX) 

In the diabetic dogs m which glycemia did not fall to the hmit of 120 mg per 
cent or below there was a very slow but gradual decrease m the blood sugar 
which showed that the graft of reduced pancreas irrigated with diabetic blood 
secreted maulm although m smaller amounts than the total pancreas did 
It is possible that even the reduced pancreas might have been able to reduce 
the degree of mtensity of the diabetes if the experiment had been carried on for 
a longer period of tune 

DISCUSSION 

The pancreas reduced to 10 or 4 gm is capable of mamtaimng glycemia 
withm normal levels m basic conditions or after a meal of meat, but under con 
ditions of stram it is usually unable to react with the same speed and eflSciency 
as the total pancreas does 

Thus m dogs with a pancreas reduced to 10 gm , which represents a half of 
the normal weight, there was m several cases a slight prolongation of the hyper 
glycemic curve produced by intravenous mjection of 1 gm of glucose per kilo 
However, m some animals with pancreas reduced to 10 or 4 gm , the time of 
return to normal of the blood sugar was the same as m the normal controls Iq 
the dogs with a pancreas reduced to 4 gm (^ to ^ of the normal weight) there 
was m half of the animals a longer prolongation of the curve 

The diabetogemc action of anterior lobe of fresh bovine hypophysis was ob 
served m more than SO per cent of the normal dogs mjected mtraperitoneally 
with a daily dose of 1000 mg per kilo during a period of 4 days , with a daily dose 
of 500 mg per kilo m dogs with 10 gm of pancreatic tissue, and with a daily 
dose of 40 to 150 mg m the dogs having only 4 gm of pancreas 
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Partial pancreatectomy does not reduce the concentration of insulin per gram 
m the pancreatic tissue that is left, provided the extupation is not large enough 
to produce diabetes, m which case there is a decrease m the concentration of 
insulm (Haist and Best, 1940) 

By graftmg the pancreas m the neck of a pancreatectomized dog it can be 
demonstrated by the stimulation produced by diabetic hyperglycemia that the 
pancreas reduced to 10 gm secretes less msulm than the total pancreas and 
that of 4 gm still less 

The functional capacity of the reduced pancreas does not always depend on 
the weight of the pancreatic tissue left, for m some cases the pancreas reduced 
to 10 gm had a normal fimctional capacity whereas m a few other cases the 
fimctional capacity was reduced to that of the 4 gm pancreas 
The fimction of reduced pancreas in some animals changed progressively, m- 
creasmg or decreasmg accordmg to the changes m the islands of Langerhans 
(Porto) 

CONCLUSIONS 

The pancreas reduced to 4 or 10 gm weeks or months previously by partial 
resection, is able to mamtam a normal glyceimc level m dogs of about 10 kilos 
m good condition WTien the pancreas is reduced to 4 gm the capaaty for 
secretmg insuhn under certam conditions of stram is dumnished whereas a pan- 
aeas reduced to 10 gm may have a normal or decreased capacity This de- 
creased functional capaaty is shown (1) by a longer hyperglycemic curve after 
the mtravenous mjection of 1 gm of glucose per kilo, (2) by the requirement of 
smaller doses of extract of anterior hypophysis to produce diabetes, and ( 3 ) by 
the longer time required to correct the diabetic hyperglycemia if reduced pan- 
creas IS grafted m the neck of pancreatectomized animak The time to recover 
15 m mverse ratio to the weight of the transplanted pancreatic tissue 
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m the assay of complementary activity The methods that have been em- 
ployed m the chemical fractionation, purification, and characterization of the 
proteins are those generally m use m the Department of Physical Chemistry at 
the Harvard Medical School (19-23) where durmg a sojourn of one of the 
authors (L P ), the work described in this communication was carried out 

Material — Because of Us high content of hemolytic complement, gumea pig serum 
was employed m all the purifications descnbed below The blood of healthy adult 
male gumea pigs was pooled and allowed to dot m the refngerator at 3-4°C After 
6 hours, the clear serum was separated, by centrifugation, and immediately chilled 
to 1°C Precipitation of the serum proteins was started withm 1 hour 

Immunological Methods — The methods for preparing the mid-piece, end-piece, 
ammonia-treated serum, and zymm-treated serum employed m the immunological 
tests have been previously descnbed (10, 24) Methods for the accurate titration 
of complement as well as the manner of reactivation have also been descnbed m detail 
elsewhere (18, 10) In the foUowmg experiments heated mid-piece (heated at 
for 30 minutes) wras the source of 3rd component 

Electrophoretic and Ultraccntrifugal Methods — ^The electrophoretic expenments on 
the serum fractions were earned out m a Tisehus apparatus equipped wnth a schlieren 
optical sj'Stem of a modified Philpot type (25) Electrophoretic mobilities were 
measured for 1 per cent protem solutions at about 4° m phosphate buffer of 0 20 ionic 
strength and pH 7 7, and have been expressed as mobihties at 0° (smee the conduc- 
tivity of the buffer w as measured at 0°) Photographs w ere made at hourly intervals 
over a penod of 2 J to 3 hours The centrifugal studies were earned out in an air- 
dnven ultracentnfuge of the Bauer-Pickels type (26), equipped with a schheren 
optical system as was used in the electrophoresis apparatus The centnfuge was 
dnven at a speed of 54,000 r p ii , and photographs were made at 10 or 20 mmute 
mtervals In nearly all cases sedimentation constants were measured for 1 per cent 
protem solutions in potassium chloride of 0 20 lomc strength, and the sedimentation 
constants, ha\e been corrected to the density and viscosity of water at 20°, 

but not to zero protein concentration 

Chemical Fractionation of the Components of Complement 

Ecker, PiUemer, Jones, and Seifter (2) have shown that the addition of 14 
volumes of 2 4 M (NH4):S04 to 1 volume of gumea pig serum results in the pre- 
apitation of about 35 per cent of the total serum protein contammg about 90 
per cent of the complementary activity of the serum However, attempts to 
separate this material mto the various components of complement were futile 
It became evident that although the 1 15 dilution of serum wuth the desired 
(KHi):SOi concentration was suffiaent to separate the globulm from serum 
without much loss of complementary' actmty, the same method was unsatis- 
factory for further purification of the complement components 

The method adopted for the purification of the complement components w as 
that described by' Cohn, !McMeekm, Oncley, Newell, and Hughes (21, 23) 
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The serum proteins were mamtamed at a high concentration throughout and 
reagents added by slow diffusion through a rotating cellophane membrane 
All procedures were carried out at 1®C and conditions of pH and lomc strength 
were strictly controlled 

Four preparations were carried to completion 

Preparation I — In this preliminary preparation 90 cc of serum were employed 
The results mdicated (1) that less than 25 per cent of the total serum proteins were 
mvolved m complementary activity (2) that serum proteins insoluble in 1-39 if 
(NH 4 )<*S 04 contained all of the mid piece (3) that the material soluble m 1.39 ii but 
insoluble m 2 0 ii (NH 4)^04 ^^as devoid of all components of complement with the 
exception of 3rd component and (4) that the matenal soluble m 2 0 u but insoluble 
m 2 5 IT (NH 4 )iS 04 contamed both the end piece and 4th component Because of 
the small amoimt of matenal m each fraction further purification was not feasible 
and no satisfactory analytical data were obtained 

Preparation II — ^225 cc of guinea pig serum u ere diluted with ISOcc of 0 9 per cent 
NaCl, the solution was chilled to 1®C and then carefully mixed with 225 cc of 3 ii 
(NH 4 ) SO 4 and 45 cc of n/ 10 HjSOi All of the reagents were brought to 1®C before 
muang and this temperature was mamtamed dunng the preparation of the vanous 
serum proteins The final protem concentration was 2 3 per cent and the pH was 
mamtamed near 6 0, since 4th component is destroyed by free ammo groups 
(8, 10), whereas as PiUemer, Seifter, and Ecker have shown (12), this component as 
well as end piece is unstable at acid reactions 

The desired amount of 3 u (NH 4 )'>S 04 for fractionation of the protem fractions was 
mtroduced into a cellophane membrane and allowed to diffuse slowly with rotation 
mto the protein solution until the desired equilibnum was attamed This was accom 
plished m every instance m not more than 18 hours The first equilibration was 
earned to 1 39 si (NH 4 >.S 04 the proteins insoluble at this salt concentration removed 
by centrifugation m a refngerated centrifuge and the dear supernatant decanted 
The 1 39 M (NH 4 )aS 04 precipitate was then washed three times with I 39 m (NH 4 >»S 04 
to avoid ocdusions and the washings added to the solution to mamtam the ongmal 
volume 

The preapitate was then dissolved m the smallest possible volume of distilled water 
or buffer transferred to a cellophane membrane, and dialyzed with rotation against 
large volumes and repeated changes of distilled water or buffer (see section on pun 
fication of mid piece) After 24 hours the dialyzmg medium was usually ammonia 
free and the dialyzed material transferred to ice-cold tubes, centrifuged the super 
natants decanted and the preapitate washed three times with the dialyzmg fluid as 
before The ^vashmgs were added to the supernatant solution The preapitate \va5 
then dissolved m a minimum amoimt of 0 9 per cent NaCI, and a suffiaent amount of 
NaCl added to the supernatants to render them isotomc. In a similar manner pre 
apitates were collected successively at 1 68 m 2 0 11 2 2 if, 2 5 m, and 3 4 11 (NH 4 ) 2 S 04 
The fractions were immediately tested for their complementary activity (Table I), 
and subsequently characterized electrophoretically and m the ultraccntnfuge (Table 
n) The euglobuhn part of the preapitate at 1 39 m (NH 4 ) 2 S 04 contamed all of the 
mid piece and a small amount of 3rd component This fraction, while appearing 
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homogeneous m the ultracentntuge, contained at least three protems as judged by 
electrophoretic analysis The serum proteins soluble at 1 39 m but msoluble at 2 0 M 
(NH^liSOi contamed no active complement components with the exception of a small 
amount of 3rd component- m the euglobuhns, although this material was composed 
of about 20 per cent of the total serum protems and approximately 80 per cent of the 
serum globuhns It was noted (1) that the water-soluble matenal precipitated be- 

TABLE I 


Distnbultan of Complement Substances tn the Ammontum Sulfate Fracltonatton of the Serum 

Proteins of the Guinea Pig 





1 Content of complement substances in each 

Anunoniuin 


Protein 

precipitated 


serum fraction 


sulfate con 

Solubility in water* 





centra tion 

Mid Piece 

End piece 

3rd 

component 

4tb 

component 



moUlltier 


per cent 
of total 

per cent 

per cent 

per cent 

per cent 

1 39 

Soluble 

7 

0 

0 

15 

10 

Insoluble 

4 6 

100 

0 

30 

0 

1 60 

1 

Soluble 

5 

0 

0 

0 

0 

Insoluble 

4 4 

0 

0 

30 

0 

2 00 

Soluble 

5 5 

0 

0 

0 

0 

Insoluble 

2 1 

0 

0 

20 

0 

2 20 

Soluble 

5 3 

0 

1 60 

0 

50 

Insoluble 

; 0 2 

1 

0 

20 

0 

30 

2 50 

Soluble 

1 

' 50 

0 

0 

0 

0 

Insoluble 

Trace 

0 

0 

10 

0 

3 40 

Soluble 

12 

0 

0 

0 

0 

Total of proteins isolated 

96 1 

100 

80 

105 

90 


• InsolubUity here designates the fraction preapitated at each (NHOjSOi concentration 
which separates upon dialj sis against cold distilled water, except the 1 39 it euglohuhn frac- 
hon which was separated by dialjais against phosphate buffers of pH 5 2-5 3 and ionic 
strength 0 02 

tween 2 0 m and 22 m (NHileSOi, which contained 5 3 per cent of the total serum 
proteins, and which behaved electrophoreticallv as though it were albumin, contained 

= The 3rd component of complement was found m small quantities in nearly every 
fraction of serum Endence indicating that it maj be a phosphohpid or closely 
associated with phosphohpids has elsewhere been presented (24) Recently Pillemer 
and Ecker (11) ba\c isolated an insoluble constituent from fresh yeast which speafi- 
callv adsorbs all of the 3rd compionent from serum Attempts are no\/ in progress 
bv them to isolate and punfy this complement component 


















TABLE U 


Dtslninilton of Proletns tn the Amtnomum Sulfate Fraciionattcm of Guinea Ptg Serum as 
Estimated hy EJeciroPhorettc and UUrocentrtfugal A nalyses 


Ammnmnm 
sulfate coQ 
centra tiOQ 

Solubility In water 

Moblitics ol KniBi ptoteiiu la phospbate buffet solutions o! 0^ 
Ionic strength at ph 7 7 X 10» 

Albumin 

1 Globulins 

47 

i 1 

\ ” 

1 “ 

1 

1 

I Amount of protein witfa each mobility In serum and In the fractions 

molt /It Ur 

i 

ptf etnt 

prr 

£cni \ 

per cenl 

1 per cent 

1 per ct t 

1 per cent 

Total serum 


70 

10 



2 

0 




Soluble 


0 

1 



4 

9 

2 0 


Insoluble* * * § 


0 

I 

4 3 

0 2 




1 60 

Soluble 


0 

1 



2 

5 

2 4 

2 00 

Soluble 


1 

9 

0 2 

1 7 



17 

2 20 

Solublet 

5 2 

0 

1 






2 50 

Soluble 

48 

1 

8 

0 2 







Sedimentation constants of serum protons in 1 per cent solatlon 






*20 » 

xicw 






17 


1 

64 

L- 


1 

3 1 



1 Amount of proteb with each sediaentsUon constant in serum 

! 





and In the fraction 




1 


1 fttteta 

ptt tfnl 

1 Pet tent 

1 per eeni 

Total serum 


S 


25 

70 





Soluble 




7 0 






Insoluble^ 




4 6 





1 60 

Soluble 




5 0 





2 00 

Soluble 




4 1 




1 4 

2 20 

Solubles 





5 3 




2 50 

Soluble 

1 




49 




3 40 

Soluble 





12 





* In the final preparation of punfied nud piece from this fraction of serum 0 6 per cent of 
the total protem was separated and an electrophoretic mobility of 2 9 X 10"* was observed 
with not more ttian 0 01 per cent of the total serum protem with a lower mobUity 

t In the final preparation of punfied end piece nud 4th component from this fraction of 
serum only 0 2 per cent of the total protein was separated and an electrophoretic mobflity of 
4 2 X 10^ was observed with not more than 0 004 per cent of the total serum protem of 
mobihty slightly higher 

t In the final preparation of punfied mid piece from this fraction of serum 0 6 per cent of 
the total protem was separated and a sedimentation constant of 6 4 X 10“^’ was observed 
upon ultraccntnfugal analysis 

§ In the final preparation of punfied end piece and 4th component from this fraction of 
scrum 0 2 per cent of the total protem was separated and sedimentation constants of 17 
6 3 and 3 8 X 10“'* m amounts of the total serum protem of about 0 01 0 07 and 0 12 per 
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60 per cent and 50 per cent end-piece and 4th component respectively, (2) that a 
trace of euglobuhn which settled out of the 2 2 m fraction on dialysis against distilled 
water contained respectively 20 per cent and 30 per cent of these components This 
was the first indication that they might be euglobuhn in nature, smce previously' it 
had been thought that these w ere either pseudoglobulins (10) or albumins (8) 

The vanous serum fractions were frozen, dried, and sealed tn vacuo (27) wthout 
much loss of solubihty or content of complement components (3rd component bemg 
an exception discussed subsequently m the section dealing wth mid-piece) This 
permitted the accumulation of larger amounts of fractionated serum for the character- 
izations of the complement substances 

Prefaralions III and IV — 460 cc of serum from 79 guinea pigs and 610 cc of 
serum from 97 gumea pigs were processed identically as in Preparation n The 
pseudoglobuhns and albumins were frozen and dried in a salt-free condition, while the- 
euglobuhns were dried m a rmnimum amount of 0 9 per cent NaCl, since it had been 
determined m Preparation n that better re-soIution of the euglobuhns occurred when 
thev w ere treated m this manner The dned material was stored at 3-4°C in vacuum- 
sealed bottles 

Upon completion of the two preparations, the sealed bottles of identical fractions 
w ere opened, tested for complementary activity, and combined The serum fractions 
containmg active complement components were then maintamed m a frozen state m 
a — I5°C bath, as it was felt that such treatment would be less drastic than repeated 
freezing and dehydration Characterization of the vanous serum protein fractions 
indicated that almost identical fractionations were obtained in Preparations II, 
m, and W 

Furificahon and Characterization of the Mid-Piece Component of Complement 

The euglobuhns insoluble at 1 39 m (NH 4 ) 2 S 04 contamed all of the mid-piece 
The further purification and fractionation of the crude euglobulm precipitate 
separatmg at this ammomum sulfate concentration were therefore undertaken 

Earher mvestigators (24, 28) beheved that rmd-piece was very unstable and lost 
actmty m a few hours time, becommg anticomplementary Brownmg and hlackie 
(4) and Parsons (5) failed to observe any complementary activity or components m 
the precipitates they obtamed at a third saturation of (NHdsSOi, and suggested that 
this serum fraction was anticomplemcntary In the present studies also, activity was 
not observed m the crude, mitial preparations Stabihty studies of the mid-piece 
euglobuhn have shown, however, that this component of complement, while very un- 
stable at neutral reactions, is stable at a shghtly aad reaction (12) Therefore, the 
practice has been to mamtam the pH of the purified protein betw een 5 4 and 5 8, only 
neutrahzmg to pH 7 before testmg for complementary’ function No mid piece 
actoaH , furthermore, was ofaser\'ed at protem concentrations exceeding 0 02 per cent, 
while full activity was always obsened at protein concentrations between 0 002 
and 0 02 per cent 

The crude 1 39 m (NHiliSOi preapitate contained quite large amounts of fat in 
susfiension, giiang a rmlky appearance The yacld from 1070 cc of scrum or 65 gm 
of protem ivas 2 7 gm , or 4 1 per cent of the total serum protems Ed er, Pillemcr, 
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and Grabill (29) showed that extraction of dned complement with fat solvents resulted 
m mcreased complementary activity of serum, and that the addition of such extracted 
fats to normal gumea pig serum had an anticomplementary effect Therefore, the 
globulins preapitated were dissolved in a small amount of 0 9 per cent NaCl neutral 
ized to 5 8 wnth 0 01 N NaOH and centrifuged m the cold for 2 hours at 2750 e p u 
Nearly all of the suspended fat collected at the surface and \vas skimmed off The 


TABLE m 

Further FractionaUon tn Phosphate Buyers Varying in pH and Ionic Strength of Preapiiate 
from Guinea Pig Serum at 1J9 m {NHH^sSOa at 1 C 


lomc 




CoDtent of complement substances 


pH 


Sol bil ty Id 
phojphate buffer 





phosphate 

bimer 

insoluble 

Mid piece 

End'P ece 

3ni 

component 

4th 

component 

T/2 


ftr eent 


fer ctnl 

ttr cent 

ptr uni 

Per cent 

0 00* 

6 4 

75 

Soluble 

Insoluble 

0 

0 

0 

0 

0 

0 

Trace 

0 

0 10 

6 4 

30 

Soluble 

Insoluble 

0 

0 

0 

0 

0 

0 

15 

0 

0 10 

7 0 

30 

Soluble 

Insoluble 

0 

0 

0 

0 

0 

0 

15 

0 

0 01 

5 2 

75 

Soluble 

Insoluble 

0 

100 

0 

0 

0 

60 

10 

0 

0 02 

5 2 

60 

Soluble 

Insoluble 

0 

100 

0 

0 

45 

15 

15 

0 

0 05 

5 2 

50 


40 

0 

45 

IS 

Insoluble 

60 

0 

15 

0 

0 075 

5 2 

50 


40 

0 

45 

IS 

Insoluble 

60 

0 

15 

0 


* The dialysis m this case was against distilled water 


protem solution filtered through hardened filter paper was almost completely clear 
and exhibited full complementary activity 

Judged both electrophoretically and unmunologically the cuglobulm preapitated 
by 1 39 M (NH 4 ) 2 S 04 was far from being homogeneous Smcc it was known that the 
mid piece is a euglobuhn with a solubihty minimum in the region of pH 52 (IS), the 
foUowmg experiments were earned out to determme the conditions for its specific 
and quantitative precipitation 

The lJ9ii precipitate was dialyzed agamst phosphate buffers of lomc strengths 
rangmg from 0 01 to 0 10 and pH from 5 2 to 7 0 Dialysis against distilled water 
or phosphate buffer at a pH of 6 4 resulted m a complete loss of all activity (except 
that of the 4th component) while dialysis agamst phosphate buffer at lomc strengths 
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of 0 05 to 0 075 and a pH of 5 2 resulted m no loss of rmd-picce activity and showed a 
varying distnbution between preapitates and solution The results of this expen- 
ment (Table HI) demonstrate that whereas the active euglobulm was quantitatively 
preapitated at an ionic strength of 0 01 or 0 02 at pH 5 2, a fair proportion of other 
euglobulins as well as pseudoglobultn remained m solution, thus leading to almost 
substantial purification At an ionic strength of 0 02 at a pH of 5 2, 4th component 
appeared to remain in solution with most of the 3rd component onginally present in 
the 1 39 M precipitate 

The euglobuhn separating at an lomc strength of 0 02 at pH 5 2 from the protein 
fracUon precipitated by 1 39 M (NH 4 ) 2 SOi at 1°C , although contaimng all of the mid- 
piece activity, was still not homogeneous electrophoretically At least four proteins 
were present, of which one, constitutmg 85 per cent of the matenal, had an electro- 
phoretic mobihty of about 2 9 X 10~®, the remainmg three havmg mobilities of 1 0, 
2 5 and 3 8 X 10“^ respectively, when measured in phosphate buffers of ionic strength 
0 2 at pH 7 7 


A MID-PiECE 
(Beclrophoresle) 

Q MID-PIECE 
* (Ultrocenfnfuge) 

C END-PIECE 4 4TH 
(Beefrophoresa) 



Fig I Schheren patterns of purified components of complement Electrophoretic 
experiments m phosphate buffer, pH = 7 7, r/2 = 0 20, ultracentnfuge experiments 
m 0 20 ii potassium chloride a, location of initial boundary (diagram is of descending 
boundar)'), b, location of meniscus 


The euglobuhn dissolved at a concentration of 10 per cent in 0 9 per cent NaCl 
was therefore rcprccipitated b> again diffusing (NH 4 ) 2 SO< through a cellophane 
membrane until the equilibrium concentration was 1 22 ii The resulting precipi- 
tate, redissolved and again dialyzed against a phosphate buffer of ionic strength 0 02 
at pH 5 2, jnelded reprecipitated euglobulins retaming full mid-piece activity 

Tins euglobulm separated by the above procedures was considered suffi- 
ciently homogeneous to be studied electrophoretically and in the ultracentn- 
fuge Fully 98 per cent of the precipitate had an electrophoretic mobihty of 
2 9 X 10~“, and but a small amount of matenal migrated at a slow er velocity 
(Fig 1 A) A schheren diagram of an ultracentnfugal analysis is represented 
m Fig 1 B and reveals that all of the molecules were sedimenting with the 
same x eloaty, calculated to be 6 4 X 10"’’ 

The final yield of this protem from 1070 cc of serum w as 400 mg , or 0 6 per 
cent of the total protein Upon diynng this matenal a small amount, which 
pro\ ed not to be the imd-piece, failed to redissolv e in a 0 9 per cent NaCl 
solution The greater stabihty of the mid-piece of complement under these 
conditions thus sen ed to mcrease the final purification 
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Piinficalion and Charactenzalton of End-Piece and 4th Component 

The serum proteins soluble m 2 0 M but insoluble m 2 2 ii (NH4)iS04 contam 
80 to 85 per cent of both end piece and 4th component, and comprise approxi 
mately 5 per cent of the total serum protem The yield from 1070 cc of serum 
was 3 gm In Preparation IT, a shght amount of matenal had precipitated 
dunng dialysis against distilled water, which contamed both of these compo- 
nents of complement, suggestmg that these protems might also be euglobuhns 

The serum protems soluble at 2 Ou (NHiloSO^ were therefore adjusted carefully 
to a pH of 6 4 with NaOH, and 3 M (NH4)jS04 previously neutralized to a pH of 6 4 
was allowed to diffuse through a rotating cellophane membrane into the protem solu 
tion until a molanty of 2 2 u (NH4)2S04 had been attained The precipitated ma 
tenal was washed five times mth 2 2 u (NHihSOi dissolved m a minimum amount of 
distilled water, and dialyzed against repeatedly changed conductivity water Usually, 
after 48 hours a green, transparent extremely viscous precipitate separated, which 
clung tenaciously to the sides of the cellophane membrane The preopitatc was 
scraped from the cellophane membrane mto its mother liquor with a spatula, and 
centrifuged It separated as a green transparent gel much like the fraction desig 
nated Pi by Green (19) Upon resuspension of this matenal m distiUed water it 
formed a white, amorphous suspension which upon rccentnfugation agam separated 
as a green, transparent gel The gel was washed five times with conductivity water, 
and finally dissolved m a minim um quantity of 0 9 per cent NaCl This material 
contained all of the end piece and 4th component originally present m the 2 0 m- 
2 2 u preapitate This cuglobuUn fraction was further purified by being twice re 
preapitated by (NH4)jS04 and twice repreapiUted by dialysis against conductivity 
water 

The muco-euglobulm separated by the procedure given in detail above con 
tamed 85 per cent of both components (end piece and 4th component) Its 
carbohydrate content as determmed by the Orem method (30) was 10 3 per 
cent as contrasted with a carbohydrate content of mid piece of 2 7 per cent 
The final 3neld of this active preapitate was 120 mg or less than 0 2 per cent 
of the total serum protem Its specific optical rotation was —192 5®, and it 
reduced Schiff’s reagent (31) It contamed but a very small amount of phos 
phorus 

Treatment of thiA muco-euglobulm at 50®C for 30 minutes destroyed all of 
its end piece activity, but did not inhibit 4th component It appears that this 
protem fraction retamed two functions, one by virtue of a relatively heat labile, 
and the other by virtue of a relatively heat stable component 

Gordon, Whitehead, and Wormall (8) have shown that the "albumm frac- 
tion” of serum contains both heat labfle and heat stable components of com 
plement Further studies by PiUemer, Seifter, and EcLer (10, 12, 32) have 
revealed that these components are relatively stable m alkalme solutions, but 
unstable m shghtly acid solutions that the heat-stable component is inactivated 
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by organic compounds that react with carbonyl groups, and that calcium and 
hpids play httle or no role m the activity of either of the two components 
The hypothesis was offered that the turn components are a carbohydrate-pro- 
tem complex The unusually high carbohydrate content of the muco-euglob- 
ulm that has now been separated and its abihty to reduce SchifE’s reagent is 
not mconsistent with this hypothesis This serum fraction exhibited full 
end-piece and 4th component activity m dilutions of 0 01 per cent and showed 
no inhibitory action of the kmd discussed for mid-piece 


TABLE IV 

Properties of Purified Components of Complement 



Euglobulm 

Muco-euglobulin 

Complement components present 

Mid-piece 

End piece and 4th 

Mobihty m phosphate buffer, at pH 7 7,02 lomc strength 

2 9 X 10-^ 

component 

4 2 X 10-® 

Sedimentabon constant, ^ 

6 4 X 10-1* 

— 

Protem nitrogen, per cent 

16 3 

14 2 

Carbohydrate, per cent 

2 7 

10 3 

Phosphorus, per cent 

>0 1 

>0 1 

Optical rotation, ° (a):s° 

-28 7 

-192 S 

Apparent isoelectric pomt 

5 2-5 4 

6 3-6 4 

Fraction of total complement acUvity, per cent 

100 

85 

Fraction of total serum protein, per cent* 

0 6 

0 18 

Heat stabihtj of complement, acUvnty (destroyed in 30 
min at tabulated temperature), °C 

50 

50,t 66f 


* The three complement components together then comprise 0 78 per cent of the total serum 
protein Heiddberger (33) reported that bj an entirely different technique he found that 1 
cc of gumea pig serum contains from 0 15 to 0 2 mg of complement protein However, in a 
personal commumcation to the authors, Heidelberger reports that he now finds 0 4 to 0 7 
mg of complement protem to be a safer approximation This is m good agreement with the 
values reported in this paper 
t For end piece activitj 
f For 4th component acti\ it> 

Electrophoretic analysis revealed that this muco-euglobuhn fraction had not 
more than 2 per cent of slower moving components, ith 98 per cent havmg a 
mobiht^ of 4 2 X 10~® m phosphate buffer of 0 2 ionic strength at pH 7 7 
(Fig 1 C) This mobihty is characteristic of the fastest moving globulms, 
termed a-globulins bj Tisehus Ultracentrifugal analysis of this fraction, 
because of technical difficulties, was not carried out until 24 days after its 
preparation Although this material was kept at 3-5°C , about half of it was 
insoluble at the conclusion of this period of time The part of the fraction 
which remained soluble revealed several boundaries upon ultracentrifugal an- 
alj-sis The sedimentation constants observ'ed, 17, 6 3, and 3 8 X Iff"” (with 
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amounts respectively of 5, 35, and 60 per cent), are dose to those previously re 
ported for purified or globulins from other speaes (21, 23) Since all of the 
available material was exhausted in other characterizations of this serum frac 
tion, no repetition could be made, but as soon as more material is available, a 
stud> will be undertaken to determme if the fraction contammg these com 
ponents of complement represents a single component in the ultracentrifuge, 
several mdependent components, or several components m equilibrium with 
one another 

Meanwhile, the properties of these purified fractions containing (1) mid piece, 
and (2) end piece and 4th component, are contrasted m Table IV It will be 
noted that the apparent isoelectric pomt, that is, the pH of water triturated 
with the preapitated euglobulins associated with end piece and 4th component 
actually was dose to 6 3, while that of the mid piece was 5 2 The fraction 
with the higher mobihty at pH 7 7 and preapitated by the higher concentration 
of salt thus had the more nearly neutral isoelectnc pomt Here agam, more 
material should make possible confirmation of this unexpected result, and a 
more detailed study of the mteractions of these components of complement 
with each other, and with the other components of serum 

SUMMARY 

1 Methods for the separation from guinea pig serum m highly purified form 
of three of the components of complement are described These substances 
are the so called mid piece, end piece, and 4th component 

2 Mid piece has been separated as a euglobuhn, with an electrophoretic 
mobility of 2 9 X IV"® in phosphate buffer of loiuc strength 0 2 at pH 7 7, and 
with a sedimentation constant of 6 4 X IV"** m potassium chloride of lomc 
strength 0 2 

3 End piece and 4th component were foimd together m a euglobulm fraction 
of serum which contamed 10 3 per cent carbohydrate and had an electrophoretic 
mobihty of 4 2 X IV^ in phosphate buffer of ionic strength 0 2 at pH 7 7 
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From some observations made with immune sera, and particularly from the 
evidence provided by tests with occasionally occurring normal and post trans 
fusion human sera containing irregular agglutinins (cf reviews m 1, 2) one can 
conclude that there exist individual properties of human blood other than those 
which are demonstrable by readily available reagents such as Ai, Aa, B, M, N 
Doubtless numerous attempts have been made to discover additional agglutm 
ogens by the familiar technique used for the demonstration of the factors M and 
N (3), that IS, with immune sera prepared by the mjection of human blood into 
rabbits, but only few results nere obtamed (e g 4, 5), and these were not fol 
lowed up because it was difficult to produce the immune sera again Other 
ways of approaching the problem were tiierefore desirable and it was thought 
that new results might be obtamed by immumzmg with ammal instead of hu 
man blood, considering that the blood of some animals contains antigens related 
to agglutinogens present in mdividual human bloods, for instance the Forssman 
substance related to A in sheep cells A result that favored this plan was the 
observation that certam anti rhesus immune sera contain agglutimns specific 
for the human agglutinogen M (6) 

Pursuing this idea, by immunizing rabbits with rhesus blood an immune 
serum was obtained with which an agglutmable factor different from A, B, M, 
N, or P was detected (7), and this new factor was designated as Rh to indicate 
that rhesus blood had been used for the production of tlie serum The property 
was then found to be present in the blood of about 85 per cent of white uidi 
viduals exammed (7, 8) 

E\ idence that the property Rh is of climcal importance was obtamed when 
one of the writers came mto possession of blood samples from patients who bad 
shown hemolytic reactions, one with fatal outcome, after receivmg repeated 

* One of the authors (W ) was aided m obtammg the human material b> a grant 
from the Committee on Human Heredity of the National Research Council 
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transfusions of blood of the proper group (8) The serum of these patients con- 
tamed anti-Rh isoagglutmins while m the blood cells the factor was lacLmg 
This showed that the agglutinogen m question, unlike M and N, is endowed 
with the capacity to mduce the formation of immune isoantibodies in certain 
human beings 

Another related fact is the appearance of immune isoantibodies in pregnancy 
Levme and Stetson (9) had previously reported a severe accident follow ing a 
transfusion of apparently compatible blood in a woman after a stillbirtli and 
offered the explanation that tlie patient had been immunized by an antigen in 
the dead fetus, inherited from the fatlier Furthermore, in a review of the 
literature by Wiener and Peters (8) it w'as pointed out that apparently every 
recorded instance m which a hemolytic reachon followed a first transfusion 
with blood of the proper group had occurred with intra- or postpartum patients 
This supported the above mentioned hypothesis that isoimmunization can re- 
sult from pregnancy Further cases of transfusion reactions attributable to 
isoimmunization of pregnancy were reported by Levine and Katzm (10) The 
serum from one of the cases, in which the isoagglutimn was identified, was found 
to give reactions correspondmg to those of Rh 

In a recent paper, Levme, Katzm, and Bumbam (11) descnbed a number of cases 
of erj'tbroblastosis foetabs, stillbirths, and miscamages, which appear to be due to 
isounmumzation m pregnancy From their results, the authors conclude that most 
of the mothers developed antibodies agamst the Rh factor Significant additional 
evidence has been obtained since (23) Previously the idea of a serological explana- 
tion of erj’^throblastosis was advanced by Ottenberg (12) and Darrow (13) 

The purposes of our own studies were to develop a practical method of test- 
ing for the presence of the Rh factor, and to investigate its heredity 

EXPERIMENTAL 

The rabbit immune serum described in our preliminarj' communication gave 
reactions which were defimte, although considerably weaker than those ob- 
tained with common reagents for blood groupmg or M,N tests Subsequent 
attempts at producing immune sera m rabbits by injecting r/iestts blood gave 
unsatisfactory' results ev en though feeble Rh antibodies were detectable in some 
of the sera Such difficulties have also been encountered in w ork w itli immune 
sera against other factors (P, 0, etc ) We then turned to the immunization of 
other laboratory ammals and obtamed sera from guinea pigs which gave reac- 
tions corresponding m specificity' to those of the rabbit antibodies 

For the production of the sera large gumca pigs v ere mjected intrapcntoneall} 
with a suspension of washed red cells of rhesus monkeys, each animal receiv ing a dose 
correspondmg to 1 cc , m later expenments to 2 cc of i hole blood The injection 
was repeated after 5 days and 1 week later the animals were bled The sera of the 
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majority of animals \\ere found to show a difference between the two sorts of blood 
Rh+ and Rh— and in a group of ten animals usually one or more were found that 
\nclded sera suitable for practical diagnosis The manner of selecting the sera 
IS given below 

AVhile in the case of the immune rabbit sera the reagent was prepared m the 
customary wa> b> absorbing the diluted serum with negative!) reacting blood 
It was found with se\eral guinea pig sera that absorption with human blood 
resulted merel) in a non specific diminution of the agglutinin content no matter 
whether positi\e or negative blood was used This led us to test the eflfect of 
simple dilution, and indeed it was found that a distinction between positive and 
negative bloods could be made directly without absorbing the sera (As an 
analog) , mention may be made of rabbit immune anti A sera which cannot be 
specifically absorbed w ith A cells to produce a reagent for Ai absorption with 
Aj blood serving merel) to dimmish the agglutinin titer ) 

The method for determming suitable sera consists in making serial dilutions b> 
halves and testing with knowm negative and positive blood Those sera which show 
in three (or more) successive dilutions negative reactions w ith the former and positive 
ones with the latter blood are usable 

The actual tests can usuallv be earned out simply b) selecting a dilution of 
the serum c g , 1 to 10 w hich giv es no reactions w ith negativ e but definite re 
actions with positive bloods those sera that contain appreciable amounts of 
anti A or anti B agglutinins having been previously absorbed with small 
quantities of A and B blood Since the sera are used diluted, inactivation is 
mostl) unnecessary The blood to be tested should be fresh 

Another method alternative to dilution alone is to absorb the sera diluted c g 
1 4 wnth a quantit) of blood (using A or B cells if indicated) sufficient to remove the 
reaction with Rh negative blood 

Two drops (0 1 cc ) of the test fluid are then mixed with one drop of 2 per cent (m 
terms of blood sediment) washed blood suspension freshly prepared m a narrow tube 
of 7 mm inner diameter and allowed to stand at room temperature Readings are 
taken after sedimentation has occurred, usuallv after 30 minutes to 1 hour b) direct 
mspection of the bases of the tubes with a hand lens Negativel) reacting bloods 
then show a circular deposit w ith a smooth edge while positive bloods hav e a w nnkled 
sediment with a serrated border or show a granular deposit (c/ Figs 1 to 6) From 
these readings, as a rule, the diagnosis can readily be made TTie readings art facili 
tated by usmg racks having small holes beneath the bottom of the tubes Follow mg 
the reading the tubes are shaken and the sediment examined after it forms agam A 
further exammation is made after 2 hours again inspecting the sediment The 
tubes are then gcntl) shaken and the suspension is exammed microscopicallv the 
negative blood samples are mostl) perfectl) homogeneous the positive ones show 
vanous degrees of agglutmation not mfrequentl) visible to the naked e) e '\t times 
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the clumping is quite weak in spite of a distinctly positive sediment picture Need- 
less to say, positive and negati-ve control bloods should be included in each test 

As already mentioned, w ith the great majority of specimens the distinction 
between positive and negative reactions is quite definite but the positive 
reactions \ arj m strength and some bloods offer difficulties because of tlieir 
weak reactions However, after sufficient practice, and bj" repeating the 
tests if necessarj' w ith fresh blood samples and several sera, only m some few 
instances w ere the reactions questionable Marked differences in the intensity 
of the reactions were also observed in tests made with human anti-Rh sera 
Wiether the variations in strength of agglutination are due to homo- and 

• O • 

1 2 3 

O 

1 3 6 

Magnitication 1 2 

Tigs 1 and 2 Negatuc reactions, the inner light disc in Fig 2 is due to slight 
con\e\it\ in the bottom of the tube 

Fig 3 Fainth positue reaction 

Fig 4 eak reaction 

Figs 5 and 6 T\pical positive reactions 

heterozj go5it\ or to tlie existence of other differences in the agglutinogen has 
not been determined 

In order to ascertain whether sera from -various sources give corresponding 
reactions, comjiaratn e tests w ere made w ith series of human blood specimens 
The immune rabbit scrum originalh obtained (7) was found to give parallel 
reactions with two human sera (S) from post-transfusion cases in a series of 42 
bloods (29 positiv e and 13 negativ e) Additional tests hav e now been made to 
compare the reactions of different guinea pig sera with each other and with 
human Rh isoagglutinins Three of the guinea pig sera were examined with a 
random series of 110 bloods (89 positiv e, 21 negativ e) and in no case was a dis- 
crepancv encountered Furthermore, parallel tests were carried out with a 
guinea pm serum, which gave good differentiation and a human serum' 

' For thi= serum \ e are indebted to Dr Philip Lev me and Dr P \ ogel 
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(human serum 3) obtamed from the mother of a child with erythroblastosis 
159 bloods gave corresponding reactions with both sera of which 109 were 
positi\e and 50 negative In three cases, there were definite discrepancies, 
one blood reacted distinctly with the human, not with the guinea pig serum, the 
other two were agglutmated by the gmnea pig serum, not by human serum 
3, though one of these w'as agglutinated by two other human sera (Nos 2, 4) 
Furthermore, three specimens gave doubtful reactions with the gumea pig 
serum, one reactmg distmctly, one weakly, and one faintly with human serum 3 
In addition to the blood mentioned above, which gave divergent reactions wuth 
the tw 0 human sera, a second such blood (not retested) w as found and m a 
larger series of comparisons made with several human anti Rh sera, Dr Philip 
Le\Tne* observed that the reactions ran parallel in the great majority of cases, 
but bloods were encountered which were agglutinated differently, eg one by 
one serum, the other by a second serum These observations raise the question 
whether there actually eaist variants of the property Rh, more different than 
those found for agglutmogens A (14-16), M (17), and N (18), and whether hu 
man sera may contam more than one kind of anti Rh agglutinin 

Of mtercst m this connection is a serum, obtained from a post transfusion case (19), 
which differed strikingly from the other human sera m that it gave many more negative 
reactions The results are summarized in Table I and show that m spite of the 
difference m the reactions there is a marked correlation, establishmg a relationship 
between this serum and the other human sera If this distnbution is compared with 
that to be expected on the assumption that the reactions of this patient's serum would 
be unrelated to Rh, we obtain a value of x* equal to approximately 19 9, n bemg 1 
(c/ Fisher (20)) The likelihood that this value is due to chance alone is very small 

To date a total of 448 white individuals has been exammed with guinea pig 
sera, human sera or both * Among these, there w ere 379 positive and 69 nega 
tive reactions, that is, 84 6 per cent Rh+ and 1 5 4 per cent Rh — The distribu 
tion m the sexes and among the blood groups and M,N types (c/ Tables 11 to 
IV) did not re\eal a definite correlation Likewise m a senes of 133 speci 
mens tested for Rh and P there was no definite correlation between these 
two properties The high incidence of Rh negative individuals in group 
B (27 5 ± 4 4 per cent) may still be accidental m view of the small size of the 
senes 

In a senes of 113 negro bloods, only 9 were found to give clearly negative 
reactions suggesting the possibility of a racial difference in the distribution 

The large number of negative bloods is due to selection, in order to increase the 
significance of the comparison 

* Personal communication 

^The children of the family material and the few instances in which the reactions 
with the two sorts of sera disagreed have not been included in the number 
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Slttdtes on Heredity — 60 fanulies with 237 children were tested for the pres- 
ence or absence of the factor Rh in the red cells The bloods w ere examined 
not later than 1 day followmg their collecfaon All the bloods were examined 
for the properties A,B, aud m most cases for M,N, and the subgroups Ai and 


TABLE I 


Reactions ttiUi typical human Rh sera 

1 

Reactions ^vith human serum Wa 

Positive ' 

Negative 

Positive 

31 

8 

Negative 

1 

11 


TABLE n 

Distnbulton of the Rh Factor tn the Tuo Sexes 



Males 

Females 

! 

Totals 


Rli+ 

Rh- 

Rh+ 

Rh- 

Rh+ ! 

Rh- 

Number 

299 


80 

16 

379 

69 

Per cent 

84 9 

Si 

83 3 

16 7 

84 6 

IS 4 


TABLE m 

Distnbuhon of the R]i Factor tn the Four Blood Groups 



Group 0 

Group A 

Group B ^ 

Group AB 

Totals 


Rh-i- 

Rh- 



Rh+ 

1 Rh- 




Rh- 

Number 

191 

29 

148 

27 

29 



2 


69 

Per cent 

86 8 

13 2 

84 6 

1 

15 4 

72 5 





15 4 


TABLE IV 

Distribution of the Rh Factor tn the Three M,N Types 



Type M 

TypcN 

Type MN 

Totals 


Rh+ 

Rh- 

Rh+ 

Rh- 

Rh+ 

Rh- 

Rh+ 

Rh- 

Number 

93 

20 

70 

9 


39 

368 


Per cent 

82 3 

17 7 

88 6 

11 4 


16 0 

84 4 



A; The tests for Rh presented in Tables V and IT w ere made either v ith 
guinea pig immune sera, or with a post-transfusion human serum,*' or both 
IMiile it is realized that the use of two reagents introduces an inaccuracj , this is 
so small in \ lew of the almost complete correspondence show n above beti cen 
these sera that the results cannot be appreciably affected 

* W ith the exception of 4 famflies, a single human serum (No 3) was used 


























































TABLE V 


Lut of Family Mafenal 


Fftinlly 

Nombct 

[ Ptreata 

Quldrea 

Fatlier 

Mother 

1 

OltNRh- 

OMRh- 

OMNHh-cf* 

OMNRh- 9 

OMNRh - 9 

OMNRh - 9 



2 1 

As?m+ 

03INRh+ 

ONRh+rf» 

AaMNEh-fd* 

OMNRh+9 




i 1 

AiUKRh- 

ONRh+ 

0iINRh-h9 

AiNRh+9 

OMNRh+9 

ONRb+d* 



i 

A 1 MNIU 1 + 

AiNEh- 

AiMNRb -0 

AiNRh+9 

AiNRh-eP 

AjNRh+tf 



5 

AiMRh+ 

AiMRh+ 

OMRh-Hf 

OMRh+9 

OMRh+9 

AiMRh+9 



6 , 

OiSNRi-h . 



AiMRt-9 

OMNRh-<r 

AjifRh+o* 



7 

BMRh- 1 

OMRh- 

OMRh-cf 

BMRh-cj* 

BMRh- 9 




8 1 

BMNRh- 1 

AiMNBh- 

A2MNRh-9 

BNRh-9 AjUNRh-c? 




9 

AjURli+ 

OMRi+ 

OMRh+9 

OtlRh+9 

AiMRh+tP 




10 

OMNIlh-J- 

OMN3UI+ 

OURh-f .9 

OMRh+cf 

OMNRh+d' 

OMRh+9 



7^ 1 

OMNRi-f* 1 

AiNBii+ 

AJiTRh-O 

AjMNRh+9 

A.M>7Rh+9 

AiNRh+9 

AiMNRh +9 



OMNRh+ j 

OMNRh4- 

ONRh+<f 

OMNRL+d* 

OMNRh+(P 

OMNRh+9 



13 ' 

AiimWi- ' 

AiiINRh+ 

AiMRh+t? 

AiMRh-t? 

OMNRh- 9 




14t 

OMNIU 1 + 

OUNRh+ 

OURh+9 

OMRh+9 

OMNRh+<f 

OMNRh+9 

OMRh+d* 

0 \ 

15 

OMNRh+ 

AiMNRh+ 

AiMNRh+O 

ONRh+9 

OMNRh+9 




“ 1 

AiMNRi+ j 

AiNRh+ 

OJlA’Rii+ 9 

AiMNl^+9 

OMNRh+cP 

AiNRh+d* 

AiirnRh+d* All 

17 ' 

AiMNRi4' 

A MRh+ 

0MRh-h9 

OMNRh+9 

OMNRh+d* 

A^MUh+J 

AihnTRh+oT 

■ Ail 


1 

1 

AiMRh+<f 

AiMRh+d* 





IS 

AiNRh- 1 

OVRh+ 

ONRh-cP 

AiNRh-9 

ONRh-9 

ONRh-9 




ONRh- 

AsMWRh- 

ONRh-hft 

ONRIi-cr 

AjMNRi— d* 

AjiNRh— 9 

AiNRii-9 

All 




OMNRB-<p 

AiNRh-9 





20 1 

AMNRh+ 1 

A3£NRi+ 1 

Ai£NRh-f-9 

AiCNRh+9 

AilNRh+d* 

AURh+d* 



21 

OMNRh+ 

AxUNRh+ 

AiNRh+9 

AtMNRh+9 





22 

AMNRh+ 

BMRh4' 

OMRh+eP 

AMNRh+9 





25 

A 3 ifRlt+ 

: BNRi+ 1 

A2Bi07Ri+9 BifliRfi+tP 





24 

OiINRb+ 

BMNHi- 1 

BUNIUi+<P 

ONRh+<P 

BMNRh+d* 

BNRh+e 



25 

AiMNRh- 

AiBMNRh+ 1 

BMNRh+cP 

B&INRh+cP 

AlBNAh+d* 




26 

OMIU 1 + 

BKTUi+ 

BMNRh+«P 

OilNRb+tP 

OMNRh+9 

OMNRh+9 



27 

OMRb+ 

A 1 MNIU 1 + 

AiMNRi+cj' 

AsMNRh+cP 

AiMKh+d* 

AiMNRh+d* 

AtMRh+«P 


28 , 

Aii£NRIi+ 

AiMNRfi+ 

AiitN7Ui+9 

AiUNRi+9 

AjMNRh+O 




29 


, OMRh+ 

1 OMKRh+9*— OMRh-W 





50 

AiMIfRli+ 

OMNRh+ 

1 OMNRh+cf 

OMNRh+e? 





51 

OMNJU 1 + 

AxNRh+ 

1 AiNRh+d* 

OMNRh+tP 

AjMNRh-9 

AiNRh+9 

ONRh+cP 

om; 

52 

AiBMNRb- 

AiMhTRh- 

1 AjBMNRh-O AiMNRb-o 

AiNRh-d* 

AiMNRh — 9 

AiMRh— d* 

Aih 




AjBMNRh-V AiBMNRh-9 AiMRh-9 

AiBMRh-d* 



33 

OMNRh+ 

1 AJMIUJ+ 

AjMBh+d' 

AJINIUi+9 

A 25 INRh+ 9 




54 , 

AjBUNRh+ 

1 QMNIU 14 - 

1 A 2 NRh+<p 

B&lRh+9 

A MRh+9 




55 

AiBMNRh+ 

1 AiNRh+ 

1 BMNRh-h9 

AiMNRb+9 

AiNRh+cP 

AjMNRh+d' 

1 

< 


50 

BiIIUi+ 

‘ OMNRh-f 

' OMRh+O 

BMNRh+9 

OMNRJi+9 

BAlRh+d* 



57 

AiUKRb+ 

' BMRh+ 

' AjMRh+9 

fiMRh+9 





58 

A 1 UIO 1 + 

1 AjBNRh+ 

I AlBMNRh+d‘ AiBMNBb+V 





59 

Bimh+ 

OMNRhH- 

, BMRh+cP 

BMRh+(^ 

BMRh+9 

BURh+9 

BMNRh+9 


40 

AiaiA?Rli+ 

' AiNRh+ 

' AiMNRh+<f 

AiNRfc+<^* 





41 

ONIU 1 + 

OMNRh+ 

OJIKRb+cP 

OMNRh+9 





43 

BifRJi+ 

A BiOfRh+ 

BMRh+9 

BMNRfi+o* 





43 

OVRh+ 

1 OMNRh+ 

OVRh+9 

ONRb+9 

ONRh+d* 

ONRh+^ 

ONRh+jp 


44 

Ai5onui+ 

! AaMNRh+ 

AjMmih+9 

OMRli+9 

AiMRh+9 

AsMNRh+9 



45 

OIINIU 1 + 

AxMNRh+ 

AxMNRh+9 

OMNRh+9 

AiMNRh+d* 

AiNRh+9 

OMNRh+d* 

AiU 




OMNRh+tP 






46 

OMRii+ 

BMNIU 1 + 

OURh+9 

BUNRh+9 

OlINRh+9 

OMRh+tf 



47 

AiBUNRh- 

OMNRh+ 

AiNRh+9 

AiMRl)+9 





48 

OMRh+ 

OilNRh+ 

OMRh-« 5 " 

OMNRh+9 

OMRlH-9 




49 

OMNIU 1 + 

OMRI 1 + 

05IRh+9 

OhlRh+d* 





50 

AjBMRh-^* 

OMRb+ 

BMRh+9 

BMRb+<P 





SI 

BURh+ 

OMRh+ 

OMRh+cT 

BURh+cP 





52 

OMNRI 1 + 

AiMNRh+ 1 

OMNRh+jf 

OMNRh+o* 

ONRh+9 

A!3fRh+9 

AiMNRh+9 

AlM 

S5t 

OURh+ 

OMNIUj- 

OMRh+9 

OMNRh+9 

OMRh+tP 

OMRh+9 

OMNRh+9 


54 

OMNRh- 

AiMRh+ 

AlMRB+jf 

AiMNRh-9 

AiMRh-9 

AiMRh+9 

AjMRh+cP 

AtM 

55 

OMNRh- 

AMRh- 

OMNRh-d* 

OMRh-<r 





56 

Bim-- 

OilNRi+ 

BSHh-hd* 

aMNRh+9 


ONRh+9 

ONRh+cP 


S7 

! A5BUNIU»+ 

Ai5lNRh+ 

AjMRh+<f 

AjMNRh-<P 

AjBMNRh+9 

AtNRh+d* 

A^JNRh-9 


58 

AilNRh- 

BMRh4* 

ABMRh+d' 

AMNRh+d* 

AMNRh+d* 




59 

AiMNRh+ 

OVRh- 

ONRh+9 

OMNEh+d* 

Ai5INRh+9 




60 

A 1 URI 1 + 

AiMNRh+ 

OMJmh+9 

OMRh+<f 

OMNRh+d* 

AiMNEh+d* 

AiMRh+9 
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As IS apparent from the results with the families in which both parents are 
Rh-negative, evidently the property Rh is inherited as a dominant In six 
such matings encountered in our series, all 29 children proved to be Rh-nega- 
tive ® (This number of Rh— X Rh— families, larger tlian would be 
expected by chance, is m part due to selection of families with a known negative 
parent ) 

In analog}’^ to the other individual human blood properties whose heredity 
has been investigated, one may presume that the factor Rh is transmitted by 
means of a pair of genes, R]i and rh, where the dominant gene R}i determmes its 
presence Hence, three genotypes would exist, RhRh, Rhrh, and rhrh, the first 
two correspondmg to the phenotype Rh+, the last to Rh— By the usual 
simple calculation, one obtains from the distribution of the phenotypes in the 
population the frequencies of the two genes In our random series of 448 
indivuduals there were 69 or 15 4 per cent Rh— individuals Accordingly, the 

TABLE vr 


Summary of Family Material 


Mating 1 

Number of 
famtlm ^ 

Number of children 

Rh+ 

Rh- 

Totals 

Rh-h X Rh-h 

42 

151 

1 

7 

158 

Rh+ X Rh- 

12 

37 

11 

48 

Rh- X Rh- 

6 

0 

31 

31 

Totals 

60 

188 

49 

237 


frequency of gene rh is VO 154 or 39 2 per cent, and the frequency of gene Rh 
60 8 per cent From these figures the frequencies of the three genotypes are as 
follows genotype RJiRh, (0 608)- or 37 0 per cent, genotype Rhrh, 2(0 608) 
(0 392) or 47 6 per cent, and genotjqie rhrh, 15 4 per cent 

From the genotype frequencies one can calculate the distribution in the off- 
sprmg of various matings of the Rh factor to be expected on the hypothesis of 
simple dommance In the matmgs Rh X Rh-F, there are three possibilities, 
namety, (1) both parents of genotype RJiR/t, (2) one parent of genotype RJiRh, 
the other Rhrh, and (3) both parents Rhrh Only m case (3) can Rh— children 
occur The relatn e frequenc> of this mating among Rh-f X Rh+ families is 

or 31 6 per cent Since one-fourth of all the children of these 

(0 370 -f 0 476)= ^ 

matmgs should be Rh— , onh 7 9 per cent of all the children of Rh-f- X Rh-h 

® Actuall\, m one of these famihes, m which blood spcamcns vcre taken from 8 
children, the oldest bo\ was Rh posime, but on mxestigation it was learned that he 
was the child of a pre\ious marriage All indi\iduaL in this famn> were tested with 
human as well as with gumea pig serum 
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matings should be Rh negative The observed incidence of 7 Rh— mdividuals 
among 158 offspring or 4 4 i 1 1 per cent, is less than the expected value, to 
decide whether this is accidental or significant, examination of a larger senes is 
necessary 

In the matings Rh+ X Rh— , two cases exist (1) genotype RJiRJi X rhrh, or 
(2) RJtrh X rJirh Rh negative children will result only from the second sort of 
mating The frequency of such matings among Rh-f X Rh— families should 
be the same as that of genotjqie RJtrh among Rh4“ mdividuals, or 56 3 per cent 
Hence half of 56 3, or 28 15 per cent of the children from all the Rh+ X Rh— 
matings should be Rh negatne The figure observed was 11 among 48 chil 
dren, or 22 9 db 4 0 per cent, which does not differ significantly from the pre 
dieted \alue 

The usefulness of the blood property Rh for forensic exclusion of patermt> is 
small, on account of the low incidence of matings Rh— X Rh— (0 IS X 0 15, 
or onl> 2 25 per cent), these bemg the only ones which permit a decision ’ For 
mdividual identification m medicolegal cases, determination of the Rh factor 
doubles the number of dassi6cations but only fresh blood, not dried blood 
stains can be tested 

Perusal of the data listed in Table V indicates that the property Rh is not a 
sex linked dommant factor This follows first]> from the equal istribution of 
the factor m the two sexes (cf Table n), and secondly from the analysis of 
famihes m which the father is positne and the mother negative (families 4, 24 
S3, and 59 of Table V), where on the usual hypothesis only the offspring of one 
sex, most probably the daughters, would exhibit the character 

Significant data relating to the question of the linkage relation of property Rh and 
the agglutinogens A and B are provided by family 6, and ako b> family 54 if one makes 
use of the subgroups Ai and A In famil> 6, the mother is heterozygous for both A 
and Rh, the father who belongs to group O, only for Rh In this family onlv Rh 
negative chfldren yield mformation as to bnkage {cf 21) that one of the two Rh 
negative children belongs to group A, the other to group O is evidence against dose 
linka ge Similarly, the mother in family 54 is evidentlj of genotype Ai42JiJirJt, the 
father of genotype OOrhrh In a matmg of this kind children of types AjRh+ and 
AiRh— belong to one category (either Imked or crosso\er) those of types AiRh+ 
ond A Rh— to the other As there are 5 children of one sort and 1 of the other this 
family does not furnish evidence for close linkage 

Information as to the linkage relations of property Rh and agglutinogens M N is 


’ By chance such a case was encountered among a few forensic examinations m 
which tests for Rh were made The test showed the following putative father 
BMRh— mother, AsBhlRh— child AiBMNRh+ Consequently a paternity 
exdusion could be made from three mdependent results namd>, the subgroups the 
M,N types and the Rh factor 
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provided only by families 4, 6, and 13 In family 4, three of the children belong to one 
class, tw 0 to the other class, m family 6 two children can be used, and one of these 
belongs to each class, finally, m family 13 only two of the children can be used, and 
agam one belongs to each class These results pomt strongly to mdependent assort- 
ment, though the possibihty of a loose liniage cannot be excluded 

COMMENT 

From the climcal facts mentioned m the introduction, it is apparent that a 
test by which Rh-f and Rh— individuals can be distinguished is of practical 
importance for the selection of blood donors in certain instances This occasion 
arises m cases of repeated transfusion to Rh— patients, in whom the mjection 
of Rh-b blood is sometimes harmful The same indication obtains even at the 
very first transfusion in pregnancy when the woman is of type Rh— For 
these reasons, where blood donor organizations exist, it will be helpful to exam- 
me the donors m order to have available a hst of Rh— individuals The fact 
that occasionally doubtful reactions may be encountered is of no consequence 
for the selection of Rh— donors, as such individuals can be excluded To per- 
form compatibihty tests will be important, even when the donor’s blood has 
been tested w ith anti-Rh sera, and should be conducted also at body tempera- 
ture (22) 

The test that has been described is not as perfect as one would desire, since 
the reactions are not strong, but with proper attention rehable results can as a 
rule be obtained A favorable circumstance is the ease with which the reagent 
was prepared The tests can also be made with the occasionally occurrmg hu- 
man sera containmg Rh agglutmins, but such sera are not always at hand, and 
unless a suffiaent number of individuals previously tested for the factor are avail- 
able, it may not be possible to establish the identity of a given irregular iso- 
agglutmm with anti-Rh Therefore, it is of value to possess m the guinea pig 
antisera a reagent which can be obtained at will Moreover, mdications were 
found of differences m the reactions of various human sera reacting on Rh-b 
blood, while the gumea pig sera appeared to be uniform and most likely can be 
used as a standard If the agglutinable property proves to be a species charac- 
ter in the monkey, this could account for the uniformity of the antibodies 
induced bj rhesus blood, but it has not yet been determined whether there 
are individual differences m rhesus blood with regard to the factor 

As regards the nature of the reactions described, it might be questioned 
whether they actually mdicate a special agglutinable property or merely differ- 
mg degrees of agglutmabihty, m view' of the failure to separate Rh agglutinins 
from the guinea pig sera by absorption with negative bloods The second 
assumpbon can be elimmated, how ever, because a separation w as possible w ith 
rabbit immune sera, and the Rh agglutinins in human sera do not react at all 
on negative bloods and can be specificallv' absorbed 
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The investigation of families leads one to conclude that the factor is in 
hented as a simple Mendelian dominant, which is not sex linked If further 
studies should prove the factor to be linked to neither A,B nor M,N, as one 
might surmise from our own scanty data, the property Rh may serve to mark a 
new pair of chromosomes for linkage studies 

The authors arc mdehted to Mr Jack Black and Miss E H Tetschner for their 
assistance 


SUMMARY 

Studies are reported on an individual agglutinogen (Rh) m human blood 
which has been found to be of climcal importance because occasionally it gives 
rise to the formation of immune isoantibodies m man, a pecuhanty which leads 
to untoward transfusion reactions 

A method for the determination of the presence or absence of the new blood 
factor is described, which can be used for typing patients and prospective blood 
donors 

Exammation of famihes showed that the agglutinogen is inherited as a simple 
Mendehau dominant The distribution of the factor Rh among white mdivid 
uals and negroes may indicate racial differences The property is probably 
genetically independent of the blood groups and the factors M and N 
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THE DETECTION OF A "MASKED” VIRUS (THE SHOPE PAPILLOMA 
VIRUS) BY MEANS OF IMMUNIZATION* 

Results op Immunization 'with Mixtures Containing Virus and Antibody 

Bv JOHN G KIDD, M.D 

(prom tlie Laboraiones of The Rockefeller Insltiutefor Medtcal Research) 
(Received for pubbcation, June 3, 1941) 

The effects of the rabbit papilloma vims (Shope) are curiously comphcated 
by the fact that the virus is oftentimes “masked ” it cannot be recovered in 
pathogemc form from the growths produced with it m domestic rabbits (except 
infrequently and m small amounts) by the methods that m'variably extract it 
m quantity from the natural papillomas of wild cottontails (1) The phenom 
enon may have impUcations for the tumor problem For the Shope virus gives 
nse to growths which, though benign, have the immediate characters of neo- 
plasms, and, m addition, frequently become cancerous (2) 

The general failure of attempts to “unmask” the virus has made necessary 
recourse to indirect methods for its detection One of these makes use of 
serological tests for the specific antiviral antibody This antibody is never 
found in the serum of normal domestic rabbits but appears in the blood of am 
mals carrymg virus mduced papillomas or transplanted carcmomas derived 
therefrom, and its titer rises as the growths enlarge — findmgs which prove that 
the virus persists endurmgly m the papillomas, as also m masked or altered 
form in the carcmomas, and that it mcreases as they proliferate (3) A second 
mdirect method of testmg for “masked” papilloma virus makes use of one 
of Shope*s findmgs, namely that saime suspensions of 'virus mduced rab- 
bit papillomas may stimulate the production of the ^ecific antiviral anti 
body when mjected mtrapentoneally mto normal rabbits, even though they 
contam no pathogemc virus demonstrable by the ordinary test (4) But as a 
test for the presence of “masked” virus the latter method has certam limita 
tions, which now warrant dehneation 

The antigemcnty of different papilloma extracts vanes widely, as we have 
repeatedly noted, those containing virus m quantity ehcitmg antibody m much 
higher titer when injected mtrapentoneally mto normal rabbits than others 
m which httle or no infectious virus is present (5) Indeed, certam papilloma 
extracts devoid of demonstrable virus have failed, m some of our experiments, 
to ehat detectable amounts of antibody though repeatedly mjected mto normal 

* PrehmiDary note in Free Soc Exp Btol and Med , 1940, 43, 770 
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rabbits, — a phenomenon not encountered by Shope (4) Does the findmg 
indicate that virus may be absent from some papillomas, or merely that its 
antigenicity as well as its pathogematy may be somehow “masked” when the 
growths are extracted? To learn about this we have sought to evaluate the 
effects of extravasated antiviral antibody upon the antigenicity of papilloma 
extracts For studies already reported have shown that the antibody accumu- 
lates m the papillomas m various amounts — dependmg upon the titer of it m 
the blood of the host and upon the local vascular conditions determmmg its 
extravasation — and that it is often present m quantities sufficient to neutralize 
or “mask” the causative virus when the growths are extracted t» vitro (6) It 
seemed possible that the extravasated antibody might also reduce or abolish 
the antigenicity of the virus, for it had long been known that the antigenicity of 
other viruses and of bacterial toxms as well may be reduced or abolished upon 
admixture m vitro with antibodies directed specifically agamst them (7) In 
the work now to be reported it will become evident that extravasated antibody 
often influences decisively the outcome of immunization experiments of the 
sort outlmed 


Methods and Materials 

The general plan of the immunization experiments was patterned closely after 
that of Shope (4) in order to procure results comparable with his Normal adult 
gray-brown (agouti) rabbits, bought from several sources outside the Institute, and 
ueighmg from 2500 to 3200 gm , were used throughout, males and females mdis- 
cnminatelv Groups of three or more individuals comparable as to weight were used 
m each experiment Crude suspensions of papiUomas from wdd and domestic rabbits 
were made by gnndmg the gl> cerolated tissue m a mortar with sand and suspending 
the ground paste in 0 9 per cent NaCl solution Sometimes these extracts were used 
as such but more often they were spun briefly to remove the sand and gross tissue 
debns Occasionally they were spun hard and sometimes filtered through Berkefeld 
candles m addition The suspensions or filtrates, sometimes after incubation wuth 
immune serum m vitro, were then mjected mtraperitoneally mto the experimental 
animals, with precautions to prevent infection of the skm wth virus ' After an 
mten-al of 7 to 9 da}^ the mjections were repeated wuth freshly prepared extracts, and 
after a further penod of about a w eek the animals w ere bled to procure serum for 
neutralization and complement fixation tests They were then inoculated with the 
virus to find whether they had become resistant to it Also they were felt all over 

’A modification of Shope’s method mvanablj proied effective A small slit was 
made through the stm with a stenle scalpel The bps of the w ound were held open 
and the needle inserted mto the subcutaneous tissue and run forward about I inch 
before it was pushed through the peritoneum After the mjection had been made, 
shght pressure was put onto the needle wuth a finger as it was vuthdravui, to prevent 
seepage along the needle track, and afterwards the w ound was soaked for a minute in 
5 per cent carbohe aad followed b\ 95 per cent alcohol 
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carefully and repeatedly to learn v,hether any papfllomas had developed as might 
have happened had the skin become infected with the virus where the mjecting needle 
was thrust through or elsewhere Growths were never found and hence the results 
of the tests can be referred without exception to the effects of the mjected materials 

The resistance tests were earned out by rubbing vanous dilutions of virus of known 
pathogeniaty mto scanfied areas about 6 X 4 cm on the ventral skm of the injected 
rabbits, along with suitable normal controls, according to a procedure already de 
senbed (8) Stnps of fur at least 2 cm across were left between the scanfied areas to 
prevent cross infection, and for the same reason the scanfied areas were dried thor 
oughly by means of a blast of W'arm air from a small electnc hair dner immediately 
after all of the inoculations on ^ch rabbit had been fimshed The lesions were ex 
ammed as routine every 3 to 5 days from the ISlb to the 42nd days and recorded as 
m neutralisation and pathogeniaty tests (8) acc»rdmg to a standard scale ■■ 
confluent papillomas =» scmiconfluent papillomas ** *= many discrete growths, 
* " 5 to IS papillomas, s • 2 3, or 4 papillomas, * = 1 papilloma 0 = negative 
In the tables the readmgs are recorded on three occasions only to amserve space 
They typifj the findmgs as a whole 

The pathogeuialy tests for virus and the neiUraluation tests for antiviral antibody 
were earned out as already desenbed (8) In the former the sera to be tested were 
mixed with a virus filtrate of known potenQf and the mixtures, after incubation at 
37*C for 1 hour were rubbed mto small scanfied squares on the skm of three or more 
titration rabbits (labeled A, B C, etc m each experiment) which were then bandaged 
to prevent cross infection- The presence of neutralizing antibody m any given serum 
was manifest by a reduction m the number of growths appearmg where the mixture 
of It with virus had been rubbed m as compared with those appearmg as result of the 
normal serum or sabne control moculations 

The complement fixation test for antiviral antibody mvolves the same antigen as the 
neutralization test namely, the virus, and many observations now attest to its 
speafiaty and reliability as a means of testing for the presence and quantity of the 
specific antiviral antibody, as also to the fact that neutralization and complement 
fixation are manifestations of the action of a single antibody (9) In the present work 
the test was earned out as previously desenbed (9), with 2 umts of complement, 2 
hours at room temperature bemg allowed for fixation Optimal or near optimal 
amounts of antigen, which consisted of Berkcfdd V filtrates or centnfugahzed extracts 
(water-clear) of wild rabbit papillomas containmg known amounts of virus were 
used to avoid post zone effects Prelumnaty readmgs were made after 30 minutes at 
37*0 , and final ones after the tubes had stood overnight m the refngerator ++++ 
»= complete fixation (no hemolysis) +++ "■ about 7S per cent fixation, ++ •= 
about SO per cent fixation, + «= about 25 per cent fixation, 0 - no fixation (complete 
hemolysis) Control tests for anticomplemcntary effects were made of the materials 
m double amounts These were negative m all of the experiments reported 

The comparative value of the resistance, neutralization and complement fixation 
tests os means of assaying the immune responses can best be perceived by the study 
of actual examples as e g Experiments 2 and 3 The resistance test is by far the 
most dehcate of the three m the sense that it can indicate very mmute immune re 
sponses Its value is sharply hmited however, by a low ceilmg,” — meanmg thereby 
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that resistance to the virus is complete or almost complete when a comparatively small 
antibody response has been elicited Hence it is far from comprehensive The com- 
plement fixation test, though least delicate of the three m the sense referred to above, 
has proved most valuable m measuring the degree of antibody response to the materials 
mjected mtrapentoneally, for m most of the expenments the serum antibody titers 
of the immunized animals have exceeded by far the minimum amount detectable by 
It, and have thus fallen into the range m which the complement fixation test is most 
useful It has no “ceihng” and much experience has shown that it provides reliable 
quantitative results, the complement-fixmg and vmis-neutrahzmg capacities of any 
given serum mvanably parallehng one another (9) 

Effect of Serjim Antibody on the Anhgemctiy of the Papilloma Virus 

As a first step towards determinmg the effects of extravasated antiviral anti- 
body It seemed well to study the effect of serum antibody on the antigeniaty 
of the virus Various dilutions of a serum known to contam the antiviral anti- 
body m quantity were mixed with a constant amount of a virus filtrate, and 
after incubation the mixtures were mjected mtrapentoneally mto normal rab- 
bits They were tested as well for pathogemcity 

Expertinent 1 — 1 20 virus filtrate was made as usual from the natural papillomas 
of cottontad 1-28, which had been preserved 8 months m 50 per cent glycerol-Locke’s 
A gram of the glycerolated papillomas was ground with sand, suspended in 20 cc of 
0 9 per cent NaCI solution, centrifuged at 4400 R p M for 15 minutes, and the super- 
natant fluid filtered through a Berkefeld V candle Filtrates previously prepared m 
the same way from the papillomas of this animal had mvanably contained much virus 
Slixtures were made of the 1 20 virus fiiltrate in equal parts with salme and with 
immune serum D R F 4 m dilutions of 1 4, 1 32, and 1 128 This serum had come 
from a domestic rabbit with two large virus mduced papillomas resultmg from broad- 
cast •varus moculation 70 days before Prevaous tests had shown that it contained the 
antmral antibody m large amount (titer 1 96 as determmed by complement fixation) 
The flasks contammg the mixtures were sealed ■with paraffin and put mto the water 
bath at 37°C for 4 hours and kept overnight m the refngerator 20 cc of each mix- 
ture was then mjected intrapentoneaUy as already desenbed into each of three normal 
gra> -brown rabbits, and the remairung portions w ere tested for pathogemcity m three 
normal rabbits Seven days later the injected rabbits were bled from an ear vein 
and the sera tested for anti'viral antibody by means of complement fixation 

The results of the experiment are shown in Table I The -virus sahne mixture was 
activelj pathogemc, givmg nse promptly to confluent and semiconfluent lesions m all 
three test rabbits, and it was highly antigenic also, ehcitmg antibody in all three of 
the rabbits mjected ■with it, with result that their sera fixed complement completely 
or almost so m all dflutions up to 1 64 The mixture of -virus and immune serum 
diluted 1 128 pro\ ed shghtlv less pathogemc, engendermg fewer and smaller growths, 
and It ehated somewhat less antibod> , though stdl much, in the three rabbits injected 
with It The mixture of virus and immune serum diluted 1 32 v as stdl less patho- 
gemc and corrcspondinglj less antigemc, and the mixture of -virus and immune serum 
diluted 1 4 engendered \er> few gro” ths m the pathogematv tests and elicited com- 
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whole mixture injected mto each rabbit 
t2 units of complement 
Antigen, W R 1-56, 1 120 
W R « wild cottontail rabbit 
D R a. domestic rabbit 
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paratively small amounts of complement-fixmg antibody m the rabbits injected ivith 
it, — so little m fact that in one instance (rabbit 13) the serum failed to fix complement 
at all and in the other two did so only partially, m dilutions of 1 2 and 1 4 

The results of the experiment (Table I) leave no doubt that the antigenicity 
of the virus filtrate was markedly reduced by admixture tit vtiro with the im- 
mune serum The finding has been repeatedly confirmed m other experiments 
Virus filtrates prepared from the papillomas of many wild rabbits have mvari- 
ably proved antigemc upon mtraperitoneal mjection mto normal rabbits, elicit- 
mg antibody m direct proportion to the amount of virus they contamed, and 
the antigenicity of the virus filtrates, though unaffected by normal rabbit 
serum, has always been reduced or abolished after mixture with serum con- 
tammg the antiviral antibody 

The followmg experiment was done to determine whether the antigenicity of 
the virus can he wholly abohshed if the virus is mixed in vitro with an excess of 
antibody 

Experiment 2 — A 1 20 wms filtrate was prepared as before of the glycerolated 
natural papillomas of W R 77, which had regularly provided much virus m previous 
extractions Mixtures were made (a) with two volumes of saline, and (6) with two 
volumes of the serum 1 4 of W R 1-52, a rabbit carrying natural papdlomas and 
havmg serum with a very high titer of antibody (1 512 m the complement fixation 
test) A third mixture (c) contained no virus but consisted of saline plus two volumes 
of the immune semm 14 All w ere put mto the w ater bath for 2 hours at 3 7“C , and 
then mjected mtrapentoneally into normal rabbits, 6 cc of each mixture into each of 
three rabbits Eight days later fresh mixtures w ere made and meubated precisely as 
before and the mjections repeated Ten days after the second intrapentoneal injec- 
tion the rabbits were bled for serum along with suitable controls, and aU were inocu- 
lated with vanous dilutions of virus (W R 1-72), as already described, to test for 
their resistance 

At the time of the first mjections supplemental tests w ere made to determine roughly 
the amount of the virus contamed m the mjected mixtures, and also to learn whether 
the mixture of virus and immune serum (6) contamed antibody in excess Mixture (a) 
was found to contam much virus, engendenng confluent growths (****) in each of 
three test rabbits, the growths appearmg before the 14th day It was found further- 
more that 0 2 cc of the virus filtrate after dilution to 1 10,000 still gave rise to 2 papil 
lomas when moculated on the standard scarified area of two test ammals Whence 
It follows that 1 ca of the 1 20 virus filtrate contamed at least 5,000 infectious doses 
of virus Smee each rabbit in the experiment received a total of 6 cc at each injec- 
tion, It IS seen that the rabbits injected with the mixture (a), w'hich consisted of one 
part of the varus filtrate d 20 and tw o parts of salme, received at least 1 0,000 infectious 
doses of varus at each of the two mjections The mixture (6), composed of one part of 
the varus filtrate 1 20, as m (a), and two parts of the immune serum 1 4, proved in- 
nocuous m the pathogematj tests, — that is to say, the varus had been completely 
neutralized, and complement fixation tests of a portion of the mixture that had been 
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centnfugalized after incubation showed that the supernatant liquid contained practi 
cally as much free antiviral antibody as was present m the mixture (c), both mixtures 
fixing 2 units of complement completel> m a dilution of 1 64 and mcompletely m a 
dilution of 1 128 upon admixture with an optimal concentration of antigen 

Table H shows the results of the serum and resistance tests of the animals mjected 
mtrapentoneally It will be noted from the complement fixation and neutralization 
tests that the control mixture of virus and salme (a) proved moderately antigenic, the 
serum of the rabbits mjected with it fixing complement completely m dilutions from 
1 2 to 1 16 and partially at 1 32, and the antibody was sufficient to cause complete 
or almost complete neutralization of a potent virus filtrate Moreover, the rabbits 
mjected w ith this mixture proved wholly resistant, or almost so to the virus, no lesions 
or only a few appearmg where the dilutions of the test virus had been moculated m the 
resistance tests The sera of the three rabbits injected with the mixture of virus and 
immune serum (6) fafled to fix complement at all and neutralized the virus only 
shghtly, while m the resistance tests the injected rabbits proved almost as susceptible 
to the virus as the controls The sera of the rabbits mjected with the mixture of 
salme and immune serum (c) also faded to fix complement, but the> exerted a con 
siderable neutralizing effect on the test virus rather more mdeed than the sera of the 
rabbits mjected with mixture (b) of virus and immune serum, and the rabbits them 
selves proved slightly more resistant to the virus on inoculation than did the latter 
group 

The findings are enlightening m several ways They disclose a fact hitherto 
unrealized, namely, that resistance to the papilloma virus may be conferred by 
passively transferred antibody The passively transferred antibody present 
m the mixture ol vims and immune seruni (b) cou\d conceivably account for the 
whole of the slight neutralizing capaaty of the sera of the rabbits receiving it, 
as also for the resistance they manifested to the virus, this also bemg slight 
For the mixture contained a considerable excess of antibody, as supplemental 
tests proved That transferred antibody does account for the findings is mdi 
Gated by the fact that the mixture of virus and immune serum (b), which pre- 
sumably contamed somewhat less free antibody than the mixture of saline and 
serum mixture (c), conferred less immunity than the latter, as the results of the 
neutralization and resistance tests clearly show The conclusion seems war 
ranted that the antigemcity of the virus, which was considerable as the results 
with mixture (a) proved, was completely abolished by exposure tn vitro to an 
excess of immune serum 

Effects of Extravasated Antibody upon the Antigenictty of Papilloma Extracts 

The findmgs already given have made plam the fact that serum antibody can 
reduce or abolish the antigenicity of the papilloma vims when mixed therewith 
in Vitro Is the same effect produced by extravasated antibody, which accumu 
lates m various amounts m the papillomas, dependmg upon the titer of it in the 
blood and upon the local condiUons mfiuencmg its extravasation (9)? There 
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IS every reason to think so, since evtravasated and serum antibody are identical 
(10) The results of several experiments prove the pomt In the first of these, 
two papilloma extracts were compared as to antigenicity, one contaimng much 
extravasated antibody, the other httle or none Control tests were done to 
detenmne the effect of the antibody transferred passively along with one of the 
mjected materials 
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• Serum procured on the lOLh day after the second intrapentoneal injection 
1 2 units of complement Antigen, W R 1-72, 1 20 

t Grou ths resuIUng from mixtures of 2 5 per cent virus filtrate W R 77 E and uhole serum in equ: 
§ The mixtures (a) and (6) contained at least 10,000 mfectious doses of the virus, as supplemental i 
The mixture (6) contamed a considerable excess of antibody, as uas shown by supplemental tests w 

Expcnircnl 3 — ^To procure papiUomas contaimng much extravasated antibody, 
two domestic rabbits carrying wgorous, confluent papillomas were injected intra- 
p>entonealI> on the 24th and 31st da\s after scarification wnth W R 1-28 virus vnth 
10 cc of a potent 10 per cent virus filtrate OV R. 77) By the 38th day their serum 
antibodi titers had reached 1 128 and 1 256, respectii el> , as determined by comple- 
ment fixation tests The growths had enlarged steadily in the meantime — no un- 
expected finding smee circulating antibody is known to be meffectii e against virus in 
the hvmg papillomas (S) When harvested on the 38th day the gro- ths v’-ere char- 
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actenstic, vngorous, confluent papiflomalous masses 3 to 4 cm across and raised J to 
1 5 cm above the level of the sUn They were washed with soap and rinsed well to 
reduce the number of surface bactena and were cut away immediately after the animals 
had been lulled The blood was blotted off on a stenie sponge and the connective 
tissue and sLm trimmed awa> The whole growths, mcludmg the dned keratinized 
parts, which presumably contained much extravasated antibody were then diced 
vertically mto pieces about 5 mm across and pooled and put mto a smgle bottle of 
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bsorbed) supernatant fluids 

stenie 50 per cent glycerol Locke’s solution m the refngerator only enough of the 
glycerol solution bemg added to co\er the tissue 

The papillomas of two other rabbits provided material contaming Uttle or no ex 
travasated antibody The growths had been en^dered with the same mtus mocu 
lumas those of the two hypenmmunized rabbits and at the same time, but were smaller 
and fewer discrete and semiconfluent 1 to 2 cm across and not over 7 mm high 
though fleshy and vigorous The sera of the rabbits carrying them failed to fix com 
plement m the standard test in dilutions of 1 2 or more and it w-as for this reason 
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that the two matenals were selected The growths were harvested as m the case of 
the other animals save that much of the dried material was cut away from their tops 
to get nd of mcluded blood With the same aim the diced pieces were pooled and put 
mto about five volumes of Locke’s solution for 15 mmutes, with occasional stimng, 
and the procedure repeated wath fresh fluid The diced pieces from both animals 
were stored together m the refngerator, in a considerable excess of glycerol-Locke’s 
solution 

After 48 hours m glycerol-Locke’s, the two materials were ground m mortars and 
suspended 110 m sahne as usual The suspensions w ere centnfugahzed at very low 
speed for 1 mmute to throw down the sand and largest tissue fragments and the turbid 
supernatant fluids were removed for use The matenal from the hypenmmunized 
animals, which presumably con tamed much extra vasated antibody, was divided into 
two portions for mjection mto normal rabbits One portion (a) was mjected as such, 
as was that from the papillomas presumably contaimng httle or no extravasated anti- 
body (c), while the other (b) was centnfugahzed hard wath the object of elmunating 
from it any virus or other heavy substance that might act as antigen while leaving its 
content of free antibody largely unaffected Thus it would provide a control to the 
effects of antibody present in matenal (a) Previous work had shown that centnfugal- 
ization at 25,000 r p ir for 60 minutes would throw doivn the virus but not the anti- 
body (9) Hence matenal (6) was spun at this speed for an hour after a prelunmary 
spmmng at 4400 r p ii for 15 mmutes to remove coarse particles For comparative 
purposes a fluid knowm to contam active virus was utilized It was a 1 10 Berkefeld 
V filtrate (d) made from the glycerolated natural papillomas of W R 56, which were 
known to contam an abundance of virus The four matenals were injected intra- 
pentoneally mto comparable groups of normal rabbits, 5 cc in each animal Eight 
days later the injections were repeated, with matenals prepared precisely as before 
The piathogemcity of the injected matenals was also tested and the capacity of (a), 
(b), and (c) to neutralize virus in vitro Sera were drawn from the mjected and con- 
trol animals on the 16th day for antibody tests, and inoculations with vanous dilutions 
of virus were done on the 18th day to test for resistance 

The results of the tests are set dowm m Table III The papilloma suspension (o) 
proved non-pathogemc, and it rendered almost innocuous the potent 1 per cent virus 
filtrate with which it was mixed for the neutrahzation test It elicited no antibody, 
however, upon mjection mto three normal rabbits — or, at any rate, too httle to be 
detected bv the complement fixation test — though the rabbits injected w ith it proved 
partiallv resistant to the virus The results w ere practically identical with matenal 
(6), which presumablv had been nd of virus or other immunizing matenal by centrifu- 
gation but contamed as much extravasated antibody as (o) It follow s that the partial 
resistance to the virus mamfested bj the rabbits mjected wth the tw o matenals can 
be attnbuted to the effects of passn cl} transferred antibody IMatenal (c) contained 
no detectable free antibodv, as was shown by the fact that it had no more effect on 
the virus than so much sahne m the neutrahzation tests Indeed it even proved 
shghtl} pathogemc, giving rise to 1 and 3 papillomas, respectively, on the expanses of 
scarified stm of two of the three rabbits of the pathogemcit} test It was notably 
antigenic, cliating considerable amounts of the complement-fixing antibody in all of 
the SIX rabbits injected with it The amount of antibodv ehated was deadedl} less. 
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ho\\ever, than that called forth by the much more highly pathogenic W R- filtrate 
(d) though the resistance to the virus was complete or almost so m all of the animals 
of both groups 

The results of the experiment (Table HI) may be briefly summarized The 
suspension of domestic rabbit papillomas that contamed much extravasated 
antibody (a) proved non antigenic upon mjection mto normal rabbits, and it 
conferred no more resistance than could be accounted for by the passive trans 
fer of the antibody contained in it, as the findings with material (6) make clear 
The suspension of domestic rabbit papillomas (c), which contamed little or no 
extravasated antibody but, by contrast, a small amount of infectious virus, 
proved notably antigemc, though not so much so as a filtrate of wild rabbit 
papillomas that contamed virus m abundance (d) 

The findings would seem to indicate that the extravasated antibody present 
m quantity m one of the materials had abolished the antigeniaty of any 
“masked” vims associated with it It is conceivable, however, that the anti 
genic prmciple — be it “masked” virus or something else — could have been ab 
sent from this material as not from the other A comprehensive experiment 
was undertaken therefore to broaden the findmgs This time papilloma sus- 
pensions procured from a number of rabbits some contaimng much extrava 
sated antibody and others little, were compared as to antigenicity, as in the 
precedmg experiment 

Expermenl 4 — ^Papillomas were harvested from two groups of rabbits One 
group of SIX rabbits earned growths engendered 40 days before with a single virus 
matenal (\V R. 56) Three of them earned confluent growths 3 to 4 cm across and 
up to 1 0 cm high and had \ery high serum antibody titers m consequence of two 
hypenmmumang mjections on the 24th and 33rd da>s of potent virus filtrates pre 
pared from the pooled natural papillomas of five wild rabbits while three others had 
smaller discrete and semiconfluent papillomas and smaller serum antibody titers less 
than 12m two instances Another group of three rabbits earned confluent papfllo 
matous masses 4 to 6 cm across and up to 2 0 on high which had been engendered 
142 da} s before with a different virus inoculum (IV R 1 28) Their sera contamed 
considerable amounts of antibody but nowhere near as much as was present m the 
sera of the hypenmmunized rabbits The growths were harvested and stored m 
glycerol Locke’s solution precisely as m Experiment 3 Those of the two rabbits 
with least amounts of serum antibody as determined by complement fixation were 
washed twice m Locke s solution further to remove any serum antibody 

The ghcerolated matenals were ground and suspended 1 20 m saline as usual and 
spun hghtl> to throw out sand and coarse fragments The turbid supernatant sus 
pensions were used for mtrapentoncal mjection into comparable groups of rabbits 
A 1 20 Berkefeld V filtrate of the highlj infectious papillomas of cottontail 1»68 was 
injected mto another group for comparison The rabbits to be immunized received 
5 cc of the respective matenals on 2 successive days and 10 cc. of freshly prepared 
suspensions on the 8th da> Sera were procured for antibody tests on the 16th da> 
and virus was inoculated immediatel} afterwards to test for resistance 
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Table W shows the results of the experiment It will be seen that the papilloma 
suspensions procured from the hypenmmunized rabbits (63, 62, 61) contained no 
pathogemc virus but on the contrary had the capacity to neutralize almost completely 
a potent 1 per cent virus filtrate when mixed with it jk iii/ro The sera of the animals 
receivmg these suspensions failed to fix complement in the antibody tests and the 
animals manifested a relatively shght resistance to the virus on inoculation as com- 
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• 10 cc. of a 1 10 salme extract mjected twice into each rabbit as mdicated 
t Growths resulting from mixtures of the extracts indicated (centnfugahzed) and I per cent vir 
t Procured on the 18th day 


pared with the normal controk The papDloma suspension of rabbit 11-15, which 
had long earned large growths and had a considerable amount of serum antibody 
(titer 1 32), also failed to ehat complement-fixmg antibody in the injected rabbits, 
and these latter proved very shghtly resistant to the virus, even less so than did the 
rabbits injected with the papilloma suspensions of the hypenmmunized rabbits 
Smee the neutralization tests showed that the amount of antibody passively trans- 
ferred with the papilloma suspension of rabbit 11-15 was less than that in the materials 
of the hypenmmunized rabbits 63, 62, and 61, and since the resistance mamfested by 
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the rabbits injected w ith it was less than that conferred by the materials of the hyper 
immunized rabbits, it seems likely that the slight degree of resistance manifested by 
all four groups of injected rabbits may have been due to passu ely transferred anti 
body This is rendered probable also by the fact that the degree of resistance was 
comparable to that conferred by the passively transferred antibodj of matenal (6) m 
Experiment 3 (see Table HI) 



, Saline control “ same as (e) A B C test rabbits 


The papilloma suspensions coming from the rabbits with little or no serum antibody 
(55 and 68) had no neutralizing effect on the test virus the> ehated detectable 
amounts of complement fixing antibodj m the mjected rabbits and these proved 
largely resistant to the virus Similar results were got vsath the materials of rabbits 
11 17 69 and 10-76 The suspensions of these growths contamed moderate or small 
amounts of neutralizing antibody and they ehated various though m general small 
amounts of complement fixing antibodv and induced but slight resistance m the rab- 
bits mjected with them 
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The material from cottontail 1-68, which contained much virus, elicited far more 
antibody and far more solid resistance to the virus than any of the papilloma suspen- 
sions procured from domestic rabbits 

In sum, the results of the experiment (Table IV) confirm and extend tliose 
of Experiment 3 Suspensions of the papillomas of rabbits with high serum 
antibody titers (D R 63, 62, 61, 11-15), which contamed much extravasated 
antibody, proved wholly or almost wholly non-antigenic, as was shown by the 
fact that they elicited no antibody detectable by the complement fixation test 
By contrast papilloma suspensions contammg httle or no extravasated anti- 
body (D R 55, 68, 10-76, 69) proved shghtly or moderately antigemc, as indi- 
cated by the amount of complement-fixmg antibody present in the sera of 
rabbits injected with them The various degrees of resistance to the virus 
manifested by the injected rabbits on test inoculation provide confirmatory 
findmgs when due allowance is made for the effects of passively transferred 
antibody and for the hmitations of the resistance test as a measure of immunity 

The findings of Experiments 2, 3, and 4 make clear the fact that passively 
transferred antibody will often account for much or all of the resistance to the 
virus manifested by rabbits mjected with papilloma extracts And they also 
demonstrate the fact that the test for resistance is mferior to the serum anti- 
body tests as a measure of the immune response to the injected materials 
Enough antibody was often transferred passively to confer perceptible resist- 
ance to the virus, but under the circumstances of the experiments it was never 
sufficient to give complement fixation when the blood of the recipient w'as 
tested And yet the complement fixation test is sufficiently delicate to detect 
comparatively small quantities of the antiviral antibody For most practical 
purposes it w ould seem that papilloma extracts may be deemed non-antigenic 
if they fail to stimulate sufficient antibody to react in the complement fixation 
test 

Effect of Extravasated Antibody on the Antigenicity of Extracts of Cottontail 

Papillomas 

In the following experiment the effect of extravasated antibody on the anti- 
genicity of the virus was tested directly by mixing the two in vitro prior to 
inoculation 

Expcrw cut 5 — The gl\ cerolated papillomas of D R 63 and 1 1-15 w ere know n from 
Expenment 4 to contain extraNTisated antIbod^ 1 10 saline suspensions were made 
of them and spun at 4400 ppm for 20 minutes wnth remo\al of the clear supernatant 
liquids for use Mixtures were made as indicated m Table V with a freshl\ prepared 
1 2500 Berkefeld \ filtrate of the highl> infectious papillomas of W R 1-28 For 
comparison, two mixtures were made also wath the immune scrum of D R r4 (Ex- 
penment 1) The mixtures were not incubated, but were mjected mtrapentoneallj 
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into five lots of normal rabbits after thev had stood at room temperature for from 
5 to 15 minutes the time required to complete the manipulations Eight days later 
the injections u ere repeated u i th fresh matures made in precisely the same vray On 
the 16th da> the mjccted animals were bled and the sera tested 

From Table V it will be seen that the control mixture contammg virus and sahne 
proved moderately pathogeme, as evidenced by the papillomas produced in the test 
an imals , and it elicited considerable amounts of antibodv, as the complement fixation 

TABLE V 


Tests vnth Serums of Rabbtts Injected with Virus Mixed wtth (o) Extracts of Domestic 
Raihil Papillomas Containing Exlravasated Antibody and (fc) with Immune Serum 
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tests proved The mixtures contammg virus plus the papilloma extracts of U R. 63 
and 11 15, which contained estravasated anUbody proved non pathogenic and faded 
to ehot detectable amounts of antibody upon injection The matures containing 
VITUS plus the immune serum D R. F 4 gave sunflar results 

Thfc fi nding of Experiment 5 show that extravasated antiviral antibody, as 
procured from papiUomas, reduces or abolishes the antigenicity of the vir^ 
precisely as does serum anPbody Tests were next made to determine the 
antigematy of extracts of cottontail papUlomas contammg extravasated anti 
body m quantity 
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Expcrxmcnts 6 and 7 — Previous work had shown that antibody e-'itrav asates m 
quantity into the large confluent papillomas produced by sow ing virus broadcast on 
the scaniied skin of w ild cottontail rabbits (6) To procure such growths now a 10 per 
cent suspension of the highly infectious W R 1-28 virus was rubbed into scanfied 
areas about 8 X 10 cm on the bellies of ten normal cottontails recently trapped in 
Kansas Two weeks later, three of the animals wnth the largest papilloma masses 
were selected for h>'penmmunization 10 cc of a 1 20 Berkefeld V filtrate of the in- 
fectious papillomas of W R 56 was given intrapentoneally to each, on the 14th and 
21st daj s On the 30th dav the large, fleshy, confluent growths of tw o of these animals 
(W R 2-70 and 2-71), which were found to have serum antibody titers of 1 64 and 
1 128 respectively, w ere harvested, diced, and placed separately in glycerol-Locke’s, 
only enough of this being present to cover the tissue 

In Experiment 6 a 1 20 saline suspension was made of the glycerolated papilloma 
tissue of W R 2-71, after it had been kept 29 days in glycerol The suspension was 
spun at 2800 r p m for 10 minutes and the supernatant liquid, opalescent but free 
from gross particles, removed for use For comparison a 1 20 saline suspension was 
made in the same w ay of the glycerolated papillomas of W R 1 -28, which w ere know n 
to } leld much virus 2 0 cc of each matenal wras injected ]ntrapentoneall\ into four 
normal Kansas cottontails and five normal domestic rabbits, and supplemental tests 
were made to determme the pathogenicity of the injected materials The rabbits 
were bled for serum tests on the 7th day 

Table ^T show s the results of the experiment It will be seen that the injection of 
the W R 2-71 matenal, — which proved non-pathogenic in the supplemental tests, — 
elicited no demonstrable antibodj m either the wild or the domestic rabbits, whereas 
the W R 1-28 matenal, which contained virus in quantity, proved notably antigenic, 
eliciting high titers of antibody in the blood of all of the ammals injected wnth it, 
roughly the same m both species 

In Experiment 7 two mtrapentoneal mjections w ere made of the materials, w hich 
at the time of the first injection had stood 6 da\ s in glycerol, and supplemental tests 
were done to determme their pathogenicity as also then capacity to neutralize added 
\Tnis A Berkefeld V filtrate of the naturally occumng discrete growths of W R 
1-21 was included for comparison Table \m shows the findings The 1 20 crude 
extract of the confluent grow th of W R 2-7 1 pro\ ed non pathogenic, engendering no 
growths whatever where inoculated mto three test animals Indeed it contained an 
excess of extravasated antibodv, as shown b> the fact that it neutralized almost com- 
plctelv an equal volume of potent 1 per cent vurus filtrate Yet it proved antigenic, 
though not powerfullj so Of three rabbits mjected w ith 2 0 cc of the matenal on 
the 1st and Sth dajs of the expenment, one (89) had no antibody detectable by the 
complement fixation test, another (90) had the barest minimum, and the third (91) 
had a considerable amount Repeated injections of S 0 and 10 0 cc of the same 
matenal ehcited correspondingl> greater amounts of antibodj The 1 20 crude 
extract of the R 2-70 matenal exerted some effect on the v irus in the neutraliza- 
tion test, though less than the W R 2-71 material- Nevertheless it gave nsc to a 

-“Neutral” or near-neutral mixtures of virus and antibodv often prove slightU 
pathogemc, as prevnous observations have shown For a discussion of the phe- 
nomenon, see Tie Jo in a! of Elxpcnrrerlal Medicine, 1940, 72, 531 
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feu discrete papillomas where rubbed into the skm of the most susceptible test animal 
(A) though It proved non pathogenic m the other two Injections of it ehcited anti 
body in all of the rabbits, and the antibody titers were m general somewhat higher 
than those elicited by corresponding amounts of the W R 2 71 material The W R 
1 21 material, which contamed much virus, was much more highly antigenic than 
either of the two just considered 


TABLE VI 

Tests with Senm of Rabhls Injected tnth Extracts of CollonUixl Papillomas I teldmg (o) No Virus 
and (6) Much Virus 
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2 cc of a 1 20 suspension of the papflloroas was injected into each rabbit Serum procured 
7 days later for test 

2 units of complement in all tubes 

None of the sera was anticompIementar> when tested concurrently m double amounts 
AnUgen VV R 1 72 1 120 

The findmgs of Experiments 6 and 7 are representative of the results of 
several expieriments made with extracts of wild rabbit papillomas that proved 
non pathogenic A smgle injection of 2 0 cc of the papilloma extract of W R 
2 71, — ^which contained no infectious virus but on the contrary a considerable 
excess of extravasated antibody, as supplemental tests proved, — elicited no anti 
body detectable by the complement fixation test when mjected mto normal 
cottontail and domestic rabbits (Table VI) The same material however, 
ebcited antibody m a subsequent experiment (Table VII) when crude suspen 
sions of It were mjected repeatedly, and so too did suspensions of another ma 



TABLE VII 

Tests .nth Serums of Rnbbtls Injected svit/i Extracts of Cottontail Rabbit Papillomas Containing Little or No Demonstrable Virus 


340 DETECTION OF “MASKED” VIRUS BY IMMUNIZATION 


1 1 256 




00 i 
-r 

ec 

H 




•H± 
0 -ft 

+ t 

3 

« 4-4 ^ 

O 




4. -f-f 

t-f -f 
_ . -1- *1- 
^-f -f 

hd — — — 

o 

*■» n 

- 

c ^ ^ 

o ^ 

+ 

OOO OO-H oo^ 

+ 

+ t 

00+ OOO ooT 
+ + 


-f-f-f 

-f-f-f 

-^-f-f 

-f-f-f 

Pi 

K* 'O ^ 

■H + 

4 - 4 - 

OO-H oo^ oo^ 

-t- + 

0++ •«++ -H+i 

tt ■*■++ + 


-f f-f 
-f -f -f 
-f -f - 4 - 
-f -f -f 

B 

'o. 

c 

1 +± -Hit 

°°t °t+ t++ 

+ ++ + 4 - + 

■f + -f* -f 4 _ 4 _ + 

4,-f+ -H-f-f tt-f 
tt-f 

-f-t- -f-f + + 


-f - 
-f - 
-f- 
•f - 

. 

c 

o 

U -1- 

-H *H + + 

__ 4 * ei 4 * 4 - 4 ' 4 - 4 * 

°°+ “-f-f -f-t-+ 

+ -f-l- -f-H-t- 

ji-f-f -f-f -H-f-f 

T-f-f -f-f-f -f-f-f 
t-f-f -f-f-f -f-f-f 
^-f-f -f-f -f-f-f 


4 * - 
+ “ 
-f-H 
4 * ' 

■ 4 * 

• 4 * 


■H -H-f -f-f-f 

_ 1 -f 4. + + -f 4 - -i- 

+ -f-t- 

4 . 4 .-H -f-f -f-H 

XJ-f 4. -f-f -ft + 

tt-f +-f-f -f-f-f 

+ + + +4- 4.4. 


1 4 - 4 - 4 - 
■f 4 - 4 * 

1 +4.4. 

4 * 4 * 4 " 

' 

0N.vqqcaj ggs SciS: S&S; 

vph«cc 

COOOOO OODOCO Mooeo 


gss 

pajwfai i ^ ® ® ® 

lanouiy v* 2 

OOO 

10 0 


0 

0 

rt — 

0 

• 

« 


ti 

W 

• 

* 

« 

« 


11 "1 

0 


: 


S-= u 

J 4 O ^ ' 

0 

*■ 

* 

•» 


•“ o ^ j 

0 


* 


- " <1 ° 1 


: 1 

1 

U 1 Cr 

0 

1 

* 

« 

* 

« 

a n 

0 


• 

« 

« 

« 

II " < 1 o 

• 


« 

* 

* 

|s . u 1 ■= 1 ° i 

1 

« 

■1 *3 “ 1 

= 1 

= 1 1 : 

- H , |o 

I: 

^ 1 

-c ° ^ 

C e P 2^ 

r c 

^ c « — 

Zi 5 o 

3 4, 

C *4 

s 1 

~ E 

~ i 

2-“°- 1 

t: s " 

^ { 

5 £2: ' 

C 1 

1 

c 

0 

1 

J ! 
^ ! 

si 
^ ^ - 

"o L * 

a ^ 

■5 i 

1 S;= - 

> ^ "o 

2 £ ‘ 

^ C E , 

saw 


2 umls of complement ~ — 

\nti(,en, W R 1 2S, 1 120 

1 C.roNMUs resullmB from mixtures of pip.lloma suspensions md 1 per cent virus filtrate W R 1-21 in equal parts 


JOHN G EIDD 


341 


terial of similar sort But both materials proved far less antigemc than 
cottontail extracts contammg virus in quantity 

It IS noteworthy that extracts of wild rabbit papillomas, even when they 
contamed little or no infectious virus as in Experiments 6 and 7, have mvariably 
proved more highly antigenic than those of domestic rabbit papillomas 

COMMENT 

The experiments here reported were undertaken to learn why extracts or 
suspensions of some domestic rabbit papillomas fail to ehcit antiviral antibody 
upon mtraperitoneal mjection mto normal rabbits The findmg had been ex 
ceptional m our experience and Shope had not encountered it (4) Yet it 
seemed to bear upon the phenomenon of the “masking” of the virus in domestic 
rabbit growths, and to mean either that the virus is absent from some papillo- 
mas as not from others, or that somethmg is present m certain growths that 
renders extracts of them non antigenic Extravasated antiviral antibody is 
often present in the papillomas and cancers of wild and domestic rabbits m 
amounts sufficient to neutralize and effectively “mask” any virus that might 
be bberated when the growths are extracted in vitro (6), and it seemed likely 
that extravasated antibody might reduce or abolish the antigematy of the 
virus This proved to be the case Salme suspensions of domestic rabbit 
papillomas that contamed much extravasated antibodj proved completely or 
almost completely non antigenic upon mjection mto normal rabbits, while 
suspensions or extracts of comparable growths that contamed little or no ex 
travasated antibody were mvariably antigenic m concurrent tests 

The findings disclose cettam limitations m the value of immunization expen 
ments as a means of demonstrating “masked” virus Extravasated antibody 
may complicate the outcome of such experiments m either or both of two ways 
Firstly, antibody transferred passively with the mjected matenal often confers 
resistance to the virus (Experiments 3 and 4), and this may be confused with 
an immune response on the part of the injected animal For this reason the 
positive results of such experiments require careful mterpretation Secondly, 
negative results are often due to the fact that extravasated antibody has re- 
duced or abolished the antigenicity of the virus present m the mjected material 
(Experiments 3 4, and 5) Since the antiviral antibody is almost mvariably 
present m greater or lesser amounts m extracts of virus mduced papillomas, as 
also in extracts of the cancers derived from them (6), the value of immunization 
experunents as a means of demonstrating “masked” virus m such growths 
would appear to be restricted to the instances m which positive results are got, 
and then only when the effects of passively transferred antibody can be ruled 
out This can be done when considerable amounts of serum antibody are called 
forth Obviously, a negative result can have no certam meaning if cxtrava 
sated antibody was present m imdetermmed quantity m the mjected matenal 
For it may mean either that the antigematy of the virus had been abolished 
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by extravasated antibody, or that the virus u as present in amounts too small, 
or m a form which did not stimulate detectable amounts of antiviral anti- 
body, or that It was actually absent 

Mention should be made here of the negative results of immunization ex- 
periments with extracts of cancers deriving from the papillomas of cottontail 
rabbits Syverton reported that he had failed to elicit detectable amounts of 
antibody upon injection of cottontail cancer extracts into normal rabbits (11), 
and Dr Peyton Rous and I got the same result m similar, unpublished experi- 
ments Our further tests showed that antibody extravasates in great quantity 
into cottontail cancers (12) Whether this was the sole reason for failure of 
the immunization experiments cannot now be said, since the amount of anti- 
body which had come out into the growths was not determined, though it was 
noted to be present in such quantity in some cases that the cancer extracts 
proved capable of neutralizing added virus Certainly the latter persists in 
masked or altered form m the cancers deriving from the papillomas of domestic 
rabbits (3), and much evidence mdicates that a variant of it is responsible for 
the cancers of cottontails (12) 

A fact discerned in previous work (5) and strikingly illustrated in the experi- 
ments of the present paper deserves special emphasis here, namely, that ex- 
tracts of domestic rabbit papillomas are in general much less antigenic than 
extracts of w ild rabbit growths For example, crude suspensions of the most 
potent domestic rabbit materials (Experiments 3 and 4) elicited scarcely as 
much antibod}' as did a Berkefeld filtrate of a cottontail growth diluted 1 2500 
(Experiment 5) The finding fits in with the observation that the antibody 
titer attamed in the blood of domestic rabbits carrjnng virus-induced papillo- 
mas IS m general much lower than that m cottontails with grow ths of compara- 
ble size and duration (5) Does it provide a clue to the phenomenon of the 
“masking” of the virus in domestic rabbit papillomas? Can the comparatively 
slight antigenicity of suspensions of domestic rabbit papillomas mean that they 
contain a relatively small amount of virus, — an amount too small in most in- 
stances to be detected by the inoculation methods now in use’ Or does the 
finding indicate that the virus is somehow altered, both antigenically and 
pathogenically, in domestic rabbits, a species to which it is foreign’ As con- 
cerns the state of the “masked” virus in the papillomas of domestic rabbits, the 
fact maj be mentioned that the antigenic principle present in them appears to 
ehcit antibodj of precisely the same sort as that called forth by the naturally 
occurring varus (9), though m much lower titer, as already mentioned Fur- 
thermore, it w ould seem to be acted upon bj the antibodj in preciselv the same 
w aj the results of Experiments 3 and 4 make plain the fact that the antigenic 
principle in domestic rabbit papillomas is rendered non-antigenic b\ extrava- 
sated antibodv precisely as is the varus At first sight this finding w ould seem 
to conflict with tw o facts prev louslj noted, namelv , that extracts of domestic 
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rabbit papillomas fail as a rule to fix complement perceptibly upon admutture 
with the antiviral antibody, and that they fail also to absorb detectable 
amounts of the latter in viiro (9) But considerable quantities of the virus are 
required to consummate the in vitro serum reactions, — we have never observed 
complement fixation or antibody absorption with virus filtrates diluted more 
than 1 1280, — and the amount present in domestic rabbit papilloma extracts 
may be too small All of the facts are compatible with the assumption that 
much less vims is present m the papillomas of domestic rabbits than m those 
of cottontails, its natural host 


SUMUARY 

A study has been made of the immunization procedure described by Shope, 
with particular reference to the detection of “masked” papiUoma vims by 
means of it Papilloma extracts were frequently encountered which, though 
non pathogemc, elicited the specific antiviral antibody and induced resistance 
to the vims upon injection mtraperitoneally into normal rabbits The results 
of the immunization experiments were often comphcated, however, by the ef 
fects of extravasated antibody v hich had accumulated m various amounts m 
many of the papillomas and was consequently present m extracts of them to 
gether with 'masked” vims The extravasated antibody was often sufficient 
to render extracts of domestic rabbit papillomas non antigenic, and sometimes, 
when present m excess, its passive transfer conferred resistance to reinfection 
with the vims The conclusion seems warranted that only positive immuniza 
tion findings can be interpreted with certainty Negative results provide no 
decisive evidence as to whether masked” virus is or is not present w the m 
jected material, unless the amount of extravasated antibody also present is 
known The findmgs may have a bearing on the negative outcome of im 
mumzation experiments with extracts of the cancers deriving from the natural 
papillomas of cottontails 

Cmde suspensions of domestic rabbit papillomas, which contain little or no 
vims demonstrable by ordmary methods are far less antigenic than extracts 
of the natural growths of wild rabbits, which contain vims m quantity In 
explanation of the finding the possibihty seems worthy of attention that domes 
tic rabbit papillomas may contam much less vims than the growths of cotton 
tails the natural hosts of the vims 
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EXPERIMENTAL NEPHRITIS IN RATS INDUCED BY INJECTION 
OF ANTIKIDNEY SERUM 
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By JOSEPHS SMADEL MD andHOMERF SWIFT AID 
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Previous experiments have demonstrated that the acute glomerulonephritis 
induced in rats by the mjection of anti rat kidney serum prepared m rabbits 
will, under proper conditions, develop mto a chronic progressive disease with 
ultimate renal failure and death (1) Early in the work we believed that the 
prmapal factor influencmg the development of chronic progressive nephritis 
was the quantity of nephrotoxm administered Thus, the mjection of an ap- 
preciable quantity of a weakly nephrotoxic serum, or of a small amount of a 
more potent antikidney serum, resulted in a mild nephritis that rapidly sub- 
sided Contmued renal irritation was originally observed on]> in rats that had 
survived a severe acute disease induced by sublethal amounts of nephrotoxin 
Later, hou ever, it was shown that the course of the nephritis could be markedly 
influenced b> diet (2) For example, almost all of the rats fed a basal diet 
after receiving adequate amounts of nephrotoxin developed chronic nephritis 
and the majorit> died within a year uith renal msufficiencj On the other 
hand the feeding of a high protein diet to sunilarly mjected animals uniformly 
resulted in progressive kidney involvement, and all but a few died withm a 
matter of months Finally rats fed a low protein diet almost invariably 
recovered promptly from the acute process More recently (3), an additional 
factor, t e , one inherent to differmg degrees m certam inbred lines of rats, was 
found to affect the course of the mduced disease The purpose of the present 
study was to amplify the observations on the idle of heredity m the expen 
mental glomerulonephritis that follows injection of antikidnej serum 

Makrtals and Methods 

Stratus of Rats — TT helan Strain This inbred strain of animals was used exclusively 
throughout the earlier studies Its ongin remains obscure The animals pnicti 

• Presented m abstract before the American Soaety for Experimental Pathology 
New Orleans Ma> 16, 1940 


34a 



346 


^EPHROTO\IK AND STRAINS OF RATS 


cally all of which are hooded, were raised as pets for a number of generations The\ 
were healthv, easj to handle, free of scabies and had a low incidence of infection with 
Sahi'oneUa vturts, in the beginning, these were the pnncipal reasons for emplojing 
this stram of rats 

Long-Evatis Strain Rats of this breed were descended from animals left at the In- 
stitute by Dr Herbert M Evans* These animals, like the I\Tielan rats, were generally 
hooded, but the adults were definitely heavier and of greater stature than Whelan 
animals 

Wislar Strain Animals employed in this work were raised from a group of rats of 
the “Experimental Colonj’ Strain” obtamed from the Wistar Institute in 1937 

Anti-Rat-Kidncy Scrum — Nephrotoxic serum was obtained from rabbits im- 
munized with suspensions of perfused rat kidnev (4) Antiserum pool I was prepared 
b> injectmg renal tissue from ammals of the WTielan strain and was administered 
intravenouslj to rats of the three strains when they attained a fasting bodv weight of 
60 to 80 gm 

Feeding and Care of Rats — Tw o isocalonc diets w ere employed These have been 
previouslv desenbed in detail and designated basal and high protein diets (2) They 
contamed, respectivelv, 18 and 40 per cent of protein and 51 and 29 per cent of carbo 
hydrate, fats, minerals and vitamins were present in each diet mi-^ture in similar 
amounts Animals were kept in individual glass cages with food and water con 
stanth available The methods used for collecting and examining urine have been 
described in earlier publications Rats were weighed and their unne specimens were 
anal>sed on alternate dav's dunng the first few weeks after injection of antikidncy 
serum, subsequently these data were collected once or twice a week 

Rats were sacnficed when moribund or at the end of designated periods of observa- 
tion Organs were fixed m acetic Zenler’s solution and paraffin sections prepared 
and stained by the usual methods (16) 

EXPERIMENTAL 

Throughout most of our w ork on nephrotoxic nephritis, rats of the Whelan 
stram have been employed However, in recently reported experiments (3), 
animals of the Whelan and Evans strams were injected v ith comparable 
amounts of anti-rat-kidney serum Evans rats, in contrast to the Whelan 
animals, show ed a marked tendency to recov er from the acute renal mjury even 
when maintained on a high protein diet This unforeseen development, in an 
experiment designed for the elucidation of another point and terminated at 
the end of 3 months, seemed to warrant further mvestigation 

* Dr Evans, m a personal communication, informs us that this strain of rats orig- 
mated m 1910 in the laboratory of Professor Joseph A Long of the Department of 
Zoology, Umversitj of (rahfornia, Berlelev Two albinous females of unknovn 
origin were mated vnth a wild grav male rat which was trapped in the vncinitj 
and probablv was of the Norwegian strain Brother sister inbreeding of the two 
litters which resulted gave the Long-Evans strain Throughout this paper we shall 
des’gnate these animals as Evans rats 
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Course of Nephntts xn Rats of the T17/e/a«, Evatis and Wxstar Strains — ^The 
response of rats of three different inbred lines to injections of nephrotoxin and 
the subsequent course of the resultant nephritis were studied m the following 
experiment 

Groups of twelve young rats of comparable weight and sex, of the 'Whelan Evans 
and Wistar strams respectivelj nere injected with a total of 1 0 cc. of antikidney 
serum, pool I, per 100 gm bodj weight m divided doses over a penod of 3 da> s This 
antiserum which had been prepared by immunixmg rabbits with renal tissue from 
\Vhelan rats was capable of mduang moderately severe acute nephritis in \\TieIan 
animals injected m this manner One half of the members of each group was fed a 
basal diet the remamder received a high protein diet Observations were continued 
for 14 months when the survivmg rats were sacrificed One of the Whelan animals 
was discarded because of improper injection of nephrotoxm a Wistar rat, which died 
follow mg an acadent on the 90th dav of observation, is not included in the group 
A difference in the seventy of the chronic nephntis was noted m animals of the 
Whelan strain fed the basal and high protein diet However, the response of rats 
of the other two strains was similar on both diets For sunphcity, the data pre 
sented in Text fig 1 have been arranged to portray graphically the average excretion 
of protein and of casts by animals of each of the three strams without regard to diet 

The acute nephritis induced m Whelan rats of the present group was some- 
what less severe than that observed earher m animals of this stram that re 
ceivcd a smaller amount of a more potent antiserum (2) None of the eleven 
^Vhelan animals died from renal failure assoaated with the acute nephritis but 
all developed anasarca during the 1st week after mjection The milder degree 
of initial renal injury imdoubtedly contributed to the prolonged course of the 
chronic nephritis, eg, six of the eleven Whelan rats lived through the 14 
months of the experiment and these survivors were evenly divided between the 
two diet groups Albuminuria and cylindniria, which were 4-f durmg the 
week following injection of nephrotoxm, diminished thereafter but remamed 
between 34- and 2-1- throughout the penod of observation (Text fig 1) 
None of the animals recovered permanently One rat m the basal group ex 
creted normal urine between the 2nd and 4th months but during the remammg 
months bad urinary changes mdicative of low grade to moderate renal m 
volvement Five rats died with chrome nephritis, their average life span after 
mjection was S months 

Rats of the Evans stram responded to nephrotoxm with an acute renal m 
jury almost as severe as that of Whelan rats, excretion of albumin and casts 
was comparable m the two groups but anasarca was not observed among the 
Evans animals Moreover, urinary abnormahties rapidly diminished after 
the 2nd week in members of this group Indeed, from the 30th to the 70th 
days the urmes of the majority of the rats were free of albumm and casts, and 
m the remamder only relatively slight amounts of these constituents were 
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present Following this period of apparent recovery or of low grade nephritic 
activity, one after another of these rats began to excrete progressively increas- 
ing amounts of albumin and casts By the end of the 6th month, the average 
urmary abnormahties of the Evans group were comparable to those of the 
^^^lelan group, this was m spite of the fact that two animals recovered shortly 
after mjection and remained free of signs of nephritis thereafter Only two of 
the Evans rats died with chrome nephritis, these animals, a male and a female 
were both fed a basal diet (see Text-fig 1) 


Unnary abnormalities shown by three strains of rats 
after induction of nephrotoxic nephritis 
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Wistar animals behaved even more atypically than Evans rats m their re- 
sponse to nephrotoxin when compared with the behavior of members of the 
\\Tielan strain as a standard In the first place, the excretion of protein and 
formed elements during the 1st week after injection, while marked, was less 
mtense than in the other two groups Furthermore, subcutaneous edema was 
not observed durmg the acute phase of the mduced nephritis Finally, the 
urinary abnormalities dimmished so rapidlj during the 1st month after injec- 
tions that at the end of this penod, half the animals had normal urines and the 
remamder excreted only traces of albumin and a few casts During the 3rd 
month, eight of the animals were considered to have recovered completely 
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while two were regarded as being in a latent phase, the final animal regularly 
excreted small amounts of alburmn but no casts durmg this period The two 
rats with latent nephntis gave evidence of mcreasmg renal irritation durmg 
the 4th month Furthermore, like the Evans rats, the Wistar rats which had 
been considered cured also developed recurrences, until by the end of the 7th 
month all but two of the animals were suffering from active chrome nephritis 
The two rats just mentioned remamed normal throughout the remamder of the 
period of observation Recurrence of kidney disease, once established, pro- 
gressed slowly but unremittmgly (Text fig I) The general appearance of the 
rats remamed good and none died durmg the 14 months of study 

Rats of the Evans and Wistar strains irrespective of the diet consumed, fol 
lowed the same general course a rather rapid amehoration of the acute neph 
ntis followed by a period of several weeks or months durmg which the nephritis 
appeared to be cured or in a state of latenq^, and finally, a recrudescence of 
renal disease which was slowly progressive It may be mentioned, although 
the mterpretation is not immediately obvious, that the two Evans and two 
Wistar rats (a male and a female of each strain), which recovered without re- 
currence of nephritis were all fed a high protem diet Furthermore, recurrences 
appeared somewhat later and were sbghtly less severe m the animals fed a high 
protem diet This is m contrast to the observation on Whelan rats in which 
signs of renal mjury were greater m the animals given a high protem diet 

Nephrtlis ttt Rais of the Wtslar and Whelan Strains Induced by Antt Wistar 
Rat Kidney Serum --Observations on the seventy of acute nephrotoxic ne 
phntis and the apparent recovery from the mitial disease which are recorded 
m the previous section are subject to at least two mterpretations In the first 
place, animals of the several mbred Unes may differ m their susceptibility to 
nephrotoxm and m their tendency to recover from its mjurious effects because 
of inherited characteristics On the other hand, the variable responses might 
depend primarily upon differences m the effective potency of the nephrotoxm 
rather than upon the susceptibiUty of the animals For example, if the renal 
tissues of each mbred Ime were of slightly different antigemc structure, then 
the nephrotoxic antibody obtamed by immunization with tissue from one hne 
might be most active agamst the kidneys of animals of the homologous strain 
This idea was mvestigated by preparmg anti Wistar rat kidney serum and 
observing its effect on animals of the Wistar and Whelan strains 

Prelunmaiy titrations mdicated that antiserum 4733, which was prepared by im 
munumg rabbits with suspensions of perfused kidney tissue from Wistar rats, m 
duced only a mild and transient renal disease in young rats of the Wistar stram that 
received 1 0 cc per 100 gm of body weight whereas the administration of 1 4 cc. 
was followed b> severe kidney damage Groups oi twelve \Vistar and ^Vhelan rats 
of comparable age weight and sex were mjccted with antiserum 4733 m the following 
manner twelve Wistar rats received mtravenously on consecutive days 0^ 0 4 and 
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0 8 cc of antiserum per 100 gm body weight, sis ^^^^elan rats were samilarlj treated, 
and finallj , six other ^^’heIan rats were injected with 0 2, 0 4 and 0 4\c of antiserum 
per 100 gm body weight dunng the same period All the animals were fed a high 
protein diet Sur\a\ors were observed in the usual manner for 3 months The 
degree of albummuna dlspla^ ed bj indu idual anunals in the Wistar group is gnphi- 


Albumin excr>eteci by 12 Vistar rats 
after injection of 1 4 cc. per 100 gm body weight 
of Qnti-t'/istor-rQt-kidney serum 
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call\ portrajed m Text-fig 2 The aterage excretions of protein and formed ele- 
ments bv members of the first and last groups are presented in Text fig 3 

All animals of the \Yistar strain receivmg 1 4 cc amounts of serum 4733 
de\ eloped sex ere acute nephritis On the day following the third injection 
of antikidnex serum marked oliguria xvas observed, the urines coagulated 
sohdh when heated with dilute acetic acid or when muxed with 10 per cent 
trichloroacetic acid ho\ ev er, the\ contained only a few epithelial cells and 
cellular casts and failed to gn e a positix c guaiac test Durmg the ensuing w eek 
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the degree of orotemuria diminished slightly but all the rats developed marked 
cylindniria and anasarca Three animals died of renal failure durmg the first 
2 Vr eeks The chmcal course of the mduced disease m surviving animals was 
irregular, as is apparent from the data presented m Text fig 2 Two rats dis- 
played signs of severe renal mvolvement throughout the period of observation 
Three animals improved considerably after the 1st month but contmued to 
show evidence of moderate kidney disease until sacrificed Three rats had ap 
patently recovered completely b> the end of the 1st month The final animal 
m the group improved rapidly but mtermittently excreted small amounts of 
albumin and casts In this group of Wistar animals that survived the acute 
mjury, sex apparently mfluenced the course of nephritis for all of the males 


Upjnoty abnormalities shown toy iwo strains of rats 
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developed severe or moderate chrome nephritis while three of the four females 
apparently recovered and the other presented only slight urmary abnormalities 
durmg the 1? te part of the experiment It is doubtful whether any signifi 
cance can be attached to the observation that two females, but only one male, 
succumbed with acute nephritis 

The same dose of nephrotoxm 4733 that had been administered to the WiStar 
rats, 1 c , 1 4 ifC per 100 gm body weight, was uniformly lethal for members of 
the Whelan stram all animals developed severe nephritis and succumbed be- 
tween the 6th and 12th days follow mg the third mjection of antikidney serum 
Even the injection of 1 0 cc of this serum m Whelan animals resulted m nephn 
tis of such severity that two of the six rats died during the 2nd week Each 
of the survivmg animals contmued to excrete highly abnormal urme throughout 
the 3 J months of observation The results of urmaly sis summarized m Tc^t 
fig 3, mdicate the severity of the chrome ncphntis m this group of animals and 
bring mto contrast the degree of average involvement in \Vhelan rats receiving 
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1 0 cc of nephrotoxm with that of Wistar animals mjected with a larger amount 
of antiserum 

It IS apparent from the evidence so far presented that the difference m in- 
tensity of acute nephrotoxic nephritis mduced m animals of the Wistar and 
WTielan strams by a given dose of antiLidney serum is dependent primarily on 
the relatively different vulnerability of the kidneys of members of each mbred 
hne and not on stram specificity of the nephrotoxin The experunent brings 
out an additional fact, namely, the difference m the ability of rats of the two 
lines to recover, temporarily at least, from the mjury induced by nephrotoxm 
Thus, Wistar rats with severe acute nephritis tended to recover even while 
bemg fed a high protem diet I\Tielan animals with a correspondingly mtense 
acute nephritis have never recovered while bemg mamtamed on a high protein 
diet Fmalty, for the first time m our experience with nephrotoxic nephritis, 
sex appears to have had a consistent influence on the course of the disease It 
IS evident from the data presented m Text-fig 2, that female Wistar rats recov- 
ered more promptly and completely from the acute injury than did male 
Wistar rats 

Pathological Changes in the Kidneys of Dijfferent Strains of Rats — ^Histo- 
pathological lesions observed in sections of kidney tissue from WTielan rats 
used m the current ex'perunents were similar to those described earlier (1, 2) 
Moreover, essentially identical renal lesions were encountered m WTstar and 
WTielan rats that died of acute nephritis 1 to 2 w eeks after injection of anti- 
WTstar-rat-kidney serum In animals of both strams, the glomerular tufts 
were comparatively large but relatively anemic marked uniform thickening 
of the glomerular capillary basement membranes was mainly responsible for 
the enlargement, in addition, some mcrease in number of endothehal nuclei 
and swellmg of epithelial cells contributed to the size of the tufts Tubules 
observ ed in the kidneys of WTielan and Wistar rats with acute nephritis w ere 
moderately dilated, their lumma contamed albummous material and their 
epithehal cells showed various stages of degeneration Fig 1 illustrates the 
tjTUcal severe acute renal lesion m a W^istar rat 

The renal lesions encountered m WTstar rats. Nos 1 and 2, that showed 
clinical signs of moderately severe nephritis throughout the 3 months of ob- 
seixation, were practically mdistinguishable from those of the four WTielan 
rats that received the same anti-W'istar-kidney serum and survived the 3 
months period of the experiment (Figs 4 and 5) Sections from these animals 
showed extensne glomerular and tubular lesions Varymg degrees of dis- 
tortion and scarrmg of the glomerular tufts w ere brought about by irregularly 
thickened glomerular capiUaiy basement membranes, vhich were not infrc- 
quentlj frajed and sometimes had gi\en rise to intracapillarj fibrillae, dis- 
tortion had also been induced by ingrowth of connective tissue cells from the 
stalk or from crescents that had partially' obliterated the capsular space 
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Groups of tubules with thickened basement membrane, some with collapsed 
lumina and others with dilated empty lumma, were enmeshed in connective 
tissue which often contamed foci of lymphocytes Still other tubules were 
moderately dilated and filled with precipitated protem, or occasionally with 
hyalm casts Hypertrophy of epithelium such as occurs m normal rats fed a 
high protein diet was present m many tubules but, here and there m a proxunal 
segment, hyperplasia of epithelial cells had resulted m partial or complete 
occlusion, frequently epithelial cells m such areas had undergone necrobiotic 
changes and occasionally were even necrotic 
Of special interest were the histological findings in the kidneys of Wistar rats 
that had apparently recovered from the effects of anti Wistar kidney serum 
and that were sacrificed 3^ months after injection Exammation under low 
magnification re\ealed few abnormalities except a rare renal unit which was 
fibrotic (Fig 3) Residual glomerular changes were discermble, however, in all 
of the Malpighian bodies in sections stained by the Mallory Heidenham 
technique and examined under higher magnification These were uniform 
moderate dilatation of glomerular capillaries and widely distributed irregular 
thickenmgs of moderate degree of the capillary basement membranes (Fig 2) 
Usually each tuft contamed one or more strands of new formed connective 
tissue which had grown into the lobules from the stalk Occasionally shght 
thickening of the capsular basement membrane was observed, and rarely ad 
hesions jomed the tuft and capsular epithehum, but crescent formations were 
not seen None of these glomerular changes was conspicuous m sections 
stamed with hematoxyhn and eosm Some hypertrophy of tubular elements 
was encountered such as is characteristically present when the high protem diet 
is fed It may also be pointed out that lesions similar to those just described 
were also found m the renal glomerular tufts of Evans rats which had made a 
complete or nearly complete clinical recovery while consuming either high or 
low protem diets and which were sacrificed 3 months after receiving markedly 
toxic doses of antikidney serum (3) In brief, clmical recovery from nephro- 
toxic nephritis, whether occurring m Whelan or Evans rats fed a low protem 
diet (2 3) or m Evans (3) or Wistar rats mamtamed on a high protem diet, was 
characteri 2 ed histologically by almost complete return to normal of tubular 
structures but by the persistence of definite though minor glomerular fibrosis 
Histopathological studies on Whelan, Evans and Wistar animals that sur 
vived 14 months after receivmg anti Whelan rat kidney serum contributed 
relatively little to an understanding of the pathogenesis of the recurrmg ne- 
phritis which developed after a period of apparent latency or recovery The 
renal lesions in rats of all three strains with chrome nephritis were so alike that 
it was often impossible to tell from which group a given section had originated 
In general, however, the pathological process was more severe m members of 
the TOelan line (compare Figs 7 to 9), this was not unexpected, since the dis 
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ease terminated fatally m almost half the animals m tins group It is also 
apparent from Figs 11 to 13, that while qualitatively the glomerular and 
tubular scarring were similar in animals of the three groups, the number of 
completely fibrosed glomeruli and the amount of crescent formation i\ere 
slightly greater m the Whelan rats It seems reasonable to assume that the 
chronic nephritis observed 11 to 14 months after injection of antikidney serum 
represents the late result of a progressing disease of the type observed m rats 
3 months after mjection and illustrated m Figs 4 and 5 Nevertheless, it is 
evident from the protocols that the animals whose kidneys are illustrated in 
Figs 11 and 12 excreted essentially normal urmes 3 months after injection, 
hence they may be considered to have had at that time mild lesions correspond- 
ing to those illustrated in Figs 2 and 3 Is it not possible that the compara- 
tively mild damage present in kidneys that have apparently recovered on 
chnical grounds may at a future time serve as a basis for the development of 
a slowly progressing lesion? Indeed, the glomerular changes did increase in 
mtensity even m those Evans and Wistar rats that remained clinically free of 
disease for as long as a year after recovery It is obvious that the amount of 
intraglomerular scarrmg is greater m Fig 10 (14 months) than m Fig 2 (3 
months) In fact, the tuft lesions observed m the former are almost as severe 
as those found in many of the Malpighian bodies of rats with clinically de- 
monstrable chronic progressive nephritis sacrificed 3 months after injection 
(Figs 4 and 5), nevertheless, significant tubular changes are not seen (Figs 
6 and 10) 


DISC0SSION 

The various types of renal disease that are caused directly by antikidney 
serum or that take their origin from the injury induced by nephrotovm are 
about as manifold as are those tjqies grouped under the term “Bright’s dis- 
ease,” in man For, in addition to an acute glomerulonephritis which can be 
directed toward either permanent clmical recover^' or progressive chronic 
nephritis terminating in uremia (2), we have also induced acute renal injury 
which quickly subsides, as shown b> urmary examination, leaving the rats 
apparently physically normal and with only shght residual histopathological 
changes m their kidney s Nevertheless, after a few months time, animals of 
this latter sort de\elop by msidious onset a chronic nephritis which is slowly 
progressmg These se\eral forms of the experimental disease have been ob- 
tained by vary mg two factors, namely, heredity’ (^^^lelan, Evans and Wistar 
strains of rats) and diet (low, basal and high protein diets) There is some 
indication in the present work that sex also may’ influence the course of the 
disease 

It seems justifiable in light of the present experiments to differentiate be- 
tw een tw o phases m the response of animals of the se\ eral inbred lines to ncph- 
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rotonn These are, first, relative susceptibility to nephrotoxic injury and, 
second, comparative capaaty to recover from such an induced injury The 
order of increasmg susceptibility of the three strains to nephrotoxm was 
Wistar, Evans and Whelan, with only a slight difference between the last two, 
but an appreciable dispanty between them and the Wistar strain Similarly, 
the deaeasing order of the three as regards their capacity to recover from the 
imtial nephrotoxic trauma was Wistar, Evans and Whelan Thus, under 
similar environmental conditions, Whelan rats were most susceptible to neph 
rotoxic injury and least capable of repairing the damage once it was estab 
lished, the converse was true for Wistar rats It would appear that both 
aspects of response to nephrotoxm, t e , vulnerability and capacity to recover 
are conditioned by some trait inherited by rats of different inbred Imes Fur 
thermore, the latter aspect can be influenced by an environmental condition 
such as diet, or rather by the comparative amount of functional mjury that 
probably results from varymg diet \\^ether relative vulnerability to neph 
rotoxin can also be altered by diet has not been studied The importance 
of inherited factors m affectmg resistance is well estabhshed from work with 
cancer and with infectious agents Furthermore, Chase has recently shown 
that susceptibility to sensitizmg chemical agents is also affected by heredit> (5) 
The influence of heredity on the capacity of damaged tissue to undergo restora 
tion is not so dearly understood It is interesting to recall the experiments of 
MacNider (6) which show a divergent susceptibility to injury of tissues of am 
mils of different age groups and which, furthermore, demonstrate the tendency 
of young animals to replace mjured ceUs with normal ones, whereas older am 
mals either fail to imtiate repair or restore the structure with atypical cells 
The period of recovery from acute nephritis followed by the gradual develop 
ment of chronic nephritis in Evans and Wistar rats fed a basal or high protein 
diet suggests strongly that different mechanisms may be responsible for the 
acute and chrome renal disease that develop after injection of antikidney serum 
It was and still is difficult to understand how antibody from a heterologous 
species, 1 e , nephrotoxic rabbit serum, could persist in the rat^s bodj for 3 to 
12 months and contribute to the progression or recurrence of renal disease 
Because of this, we spoke m an earber paper (15) of “chrome nephritis that 
originates in the acute damage induced — by nephrotoxm" and merely said 
that “renal lesions of the early phase merge into scarring of the glomeruli and 
tubules ’ It seems probable that nephrotoxm causes only the acute renal 
damage and that subsequent pathological changes (except simple connective 
tissue replacement of structures totally destroyed by acute injury and some 
residual thickenmg of glomerular membranes) arise as a result of a slightly 
diseased organ attempting to function under conditions which are unfavorable 
If such is the case then it might be expected that in \\Tielan rats which are 
most susceptible to nephrotoxm and least able to recover from its effects, the 
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two processes responsible for the acute and chronic nephritis respectively 
might so overlap that the limits of each become indistinguishable In Evans 
and W'lStar animals, on the other hand, the tuo processes seemed to be sepa- 
rated by an mterval of apparent climcal recovery, and hence each process is 
clearly distmguishable from the other 

A question of considerable interest is concerned with the fundamental damage 
caused by acute nephrotoxic nephritis, which usually leads sooner or later to 
the development of chronic nephritis There is ample histopathological 
evidence of slight scar formation in the glomerular capillaries of most rats that 
have suffered from the acute disease Moreover, this small amount of scarrmg 
m each glomerulus multiplied by the total number of glomeruli undoubtedly 
results m a dimmution in total functioning glomerular tissue, notwithstanding 
the fact that function, as estimated by urea clearance, may be normal durmg 
the period of recovery (2) In this connection one might recall the opinions 
of Medlar and Blatherwick (7), whose description of dietary nephritis in 
partial!}'’ nephrectomi^ed M^istar rats conforms closely on clinical and pathologi- 
cal grounds ith our observations of recurrent nephritis in Evans and Wistar 
rats These authors have suggested that the development of progressive ne- 
phritis “hinges on the production of irreparable damage to the filter bed of the 
glomerulus — and that the etiological factors initiating this primal damage may 
be multiple and diverse m character ” In agreement n ith this point of view 
IS the fact that practically all histopathological alterations which are detectable 
m the kidneys of Evans and Wistar rats during the period of climcal recovery 
from acute nephrotoxic nephritis are lumted to the glomerular filter bed It 
IS indeed tempting to assume that subsequent progressive glomerular lesions 
dev'elop entirely from such unique areas of lowered resistance and that the 
tubular lesions ev'olve secondaril> 

While the importance of the changes m the glomerular capillaries should 
not be underestimated, other possibilities must be considered For example, 
similar glomerular tuft changes have also been found m several instances in 
which clmical recover} has been complete for a year or more, i e , m a few 
Evans and Whstar rats that failed to develop chronic recurring nephritis while 
being fed high or basal protein diets and in those IVhelan animals w hich w ere 
mamtamed on a low protem diet (2) Therefore, it would seem that the patho- 
genesis of this t}'pe of secondar} chrome nephritis may depend m part on the 
response of some other tissue, probabl} the tubular structures That tubular 
lesions ma} differ in character ev en m the presence of comparable glomerular 
scarring has ahead} been observ ed in \\ helan rats w ith unremitting progressive 
nephritis C2) In these animals, mamtamed on a basal protem diet, the distal 
convoluted tubule was more obviously involved than the proximal, whereas 
m those Whelan rats fed a high protem diet the converse v as true Further- 
more, the recent w ork of Addis (8) w ith rats fed high or lov protein diets mdi- 
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EXPLANATION OF PLATES 
PiATE 14 

Fig 1 Kidney of Wistar rat. No 10 m Text-fig 2, ^\hich died 10 days after initial 
injection of antl-^^ istar-rat-kidnej serum Proteinuria 2 7 to 5 1 per cent with 
numerous casts of all tjiies found on unne anal>sis Anasarca present at post- 
mortem examination Glomerular capiUarj basement membranes are greatly 
si^ollcn Tubules are slightly dilated with granular matenal in lumina and ivith 
epithelium in various stages of degeneration Mallorj^-Heidenhain stain X 400 
Fig 2 Kidnev of Wistar rat. No 8 m Text-fig 2, which was sacnficed 3^ months 
after injection Axerage proteinuna per 18 hours was 121 mg during 1st month 
and 7 mg dunng final 2 months Irrcgularlv thickened capillary basement mem- 
branes and sexeral thick strands of connective tissue are distinguishable in the large 
tuft Contrast with uniform extcnsiv e thickening of capiUarj^ basement membranes 
and lack of connective ingrov th in Fig 1 Mallorj -Heidenham stain X 300 
Fig 3 A lover magnification of the slide illustrated m Fig 2 Glomerular changes 
are less apparent at this power Tubular lesions are minimal X 60 

Fig 4 Kidncv of male helan rat which received a total of 1 0 cc of anti-lVistar- 
rat-kidnev serum and was sacnficed 3 months later Average proteinuna for entire 
pienod was 56 mg per 18 hours Scamng m varving amounts is present in all the 
glomeruh Nests of atrophic tubules with thickened basement membranes sur- 
rounded bv fibrous tissue are present but most tubules are slightlj dilated and lined 
bv hvpiertrophic epithelial cells ilallon -Heidenham stain X 85 

Fig 5 Kidnev of ^\lstar rat. No 2 m Text-fig 2, which vas sacrificed 3 months 
after injections of nephrotoxin Average proteinuna for entire penod was 73 mg per 
18 hours The lesions are similar to those illustrated in Pig 4 JIallorj -Heiden- 
ham stam X 85 






Plate 15 


Fig 6 Kidney of female Wistar rat, T-28 Three injections of antikidnej serum 
w ere administered on successi\ e da\ s Proteinuna of 75 mg per IS hours occurred 
during 1st week, 7 mg during 2nd week, and less than 1 mg thereafter Numerous 
casts were found in 1st week, thej declined during ne’ct 3 weeks and were absent 
subsequenth Animal was fed a high protein diet and sacrificed 14 months after 
injections Few abnormalities can be seen at this power Mallorj'-Heidenhain 
stain X 20 

Fig 7 Kidney of female Wistar rat, T-27 Injection period and 1st w'eek similar 
to rat T-28 Urinarj' abnormalities subsided more slowlj but b\ Sth week animal 
excreted onlj 4 mg of protein per 18 hours and no casts were found Unne anal) ses 
rci ealed normal findings throughout 2nd and 3rd months Average proteinuria during 
4 th month was 7 5 mg and rare hvalin casts were seen Slow steady increase in both 
constituents was as follows 6th month, 30 mg and a few casts, Sth month, 55 mg 
and numerous hvalin, granular and cellular casts, 10th month, 75 mg and numerous 
casts, 12th month, 71 mg and numerous casts, 14th month, 130 mg and numerous 
casts Animal was fed a high protein diet and sacrificed during the 14th month 
Some distortion of glomerular tufts and scarring of tubules are discernible Several 
dilated tubules contain large hjalin casts Mallorv -Heidcnhain stain X 20 

Fig 8 Kidnej of male Evans rat, T-32 During the 2 w eeks follow ing injections 
of ncphrotoxin this animal excreted oxernight, 1 to 2 cc of urine which contained 
betw een 3 and 4 per cent protein, a\ erage 49 mg per 18 hours The disease subsided 
rapidlj , a\ erage proteinuria per 18 hours was 8 5 mg for 2nd month and only rare 
casts were obserxed Toward end of 3rd month, protein and casts increased Aver 
age proteinuria m succeeding months was 4th month, 26 mg , 6th, 40 mg , Sth, 86 
mg , 10th, 108 mg , 12th, 101 mg , 14th, 120 mg The number of casts was generallv 
proportional to the degree of proteinuria The rat was maintained on a basal protein 
diet and sacrificed at the end of the 14th month Histological changes are similar to 
those shown in Fig 7 Mallorx'-Hcidenhain stain X 20 

Fig 9 Kidnex of male Whelan rat T-43 1 to 1 5 cc of unne was excreted per 

18 hours during the 1st week after the senes of injections of ncphrotoxin, it contained 
2 3 to 5 1 per cent protein (ax erage excretion per 18 hours 41 mg ) and verx manv 
casts \n increase in unne x’olumo xxith onlx moderate reduction in proteinuria 
dunng the remainder of 1st month raised the ax'erage 18 hour excretion for the period 
to S3 mg 69 mg per 18 hours was the average excretion for the ensuing 7 months 
with the lowest monthl) ax erage, 59 mg , occurring dunng the 7th month post injec- 
tion and the highest, 87 mg , occurring during the Sth month The urinar> x'olume 
graduall) increased in the final 3 months of life and terminally reached 10 to 14 cc 
j>cr oxernight period, despite the lower concentration of protein in this dilute unnt, 
the excretion pier 18 hours xxas 120 to 130 rag The animal was fed a high protein 
diet and sacrificed llj months after injection while in the terminal phase of nephritis 
but before it became monbund 

Scamng of glomeruli and tubules is more apparent in this illustration than in 
Fig 8 Nests of dilated hx'pertrophic tubules separated bx areas of connective 
tissue replacement are seen Malloo -Heidcnhain stain X 20 

Figs 10 to 13 \ higher magnification of the sections illustrated in Figs 6 to 9, 

respiectix elx 

It 1 = exident from Fig 10, that the glomeruli of the recovered Wistar rat sho v some 
re'sidual changes which consist pnncipiall) of irregular thickening of glomerular capii 
larx basement membranes The process is more severe than that illustrated in 
Fig 2 The tubular structures have liccn restored to an essentiallj normal state 
X 85 

Extensive glomerular and tubular lesions are illustrated in Figs 11 to 13 X 83 
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QUANTITATIVE CHEMICAL STUDIES ON COMPLEMENT OR 
ALEXIN 

ni Uptake of Couplement Nitrogen •under Varying Experimentae 
Conditions* ** 

Bv MICHAEL HEIDELBERGER PilD M ROCHA z SILVA •• M D and 
MANFRED MAYER 

(From the Departments of Medtetne and Btochemtslry, College of Pkystaans and 
Surgeons^ Columbia University and the Presbytertan Hospital Hew York) 

(Received for pubbcation, June 27, 1P41) 

In the first paper of this senes (1) it ^as shown that the combining component 
or components of guinea pig complement could be estimated m vn eight units 
by determmation of the quantity of nitrogen added to certain specific pre 
apitates formed in the presence of sufficient acti\e complement In the 
second paper (2) the data so obtained nere used to trace the relationships of 
the combining component (C'l) of complement to red cell and hemolysin in 
hemolysis It was also shown, by tests at high dilutions witli know n quantities 
of antigen, antibod>, and complement, that fixation of C'J in antigen antibody 
combination could occur in amounts cquimolecular with the antibody, or 
even greater, and that the fixation was relatively htUe influenced b> quantities 
of antigen above a necessary minimum An explanation of complement 
fixation was also given m terms of the umon of multivalent antigen with 
multivalent antibody the same concept which has contnbuted to the under 
standing of the preapitin and agglutinin reactions (3-5) and their practical 
application 

The values given (1) for the average content of CT N in guinea pig serum, 

0 04 to 0 06 mg of N per ml , were based upon the addition of C'l N to antigen 
antibody precipitates formed in the guinea pig serum, with the combining 
proportions so chosen that an excess of antibody remained unpreapitated 
While the specific preapitates were obtained in finely divided form m this way 
and could be the more easily washed the presence of excess antibod> introduced 
an uncertamty, since it wxis possible that complement (CO permitted a given 

*The work reported m this communication was earned out under the Harkness 
Research Fund of the Presbyterian Hospital 

** John Simon Guggenheim Memorial Fellow 
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QUAXTITAXnrE CHEMICAL STUDIES ON COMPLEMENT III 


amount of antigen to combine ith more antibody than in the absence of C', 
i\ith a resulting increase in nitrogen due to antibody uptake rather than C'l 
uptake It \\as stated in (1), page 690, that this uncertainty had no basis, 
and the substantiating experiments are given in the present report These 
pro\ ided data on the fixation of C'l N by precipitates formed in guinea pig 
serum in the region of antigen excess and on the uptake of C'l N by preformed 
washed specific precipitates Expenments are also described on the effect 
of varying reaction penods and on the relation of the amount of C'l N bound 
to the quantity of precipitate used for fixation 

Maiertah aiid Methods 

Guinea pig serum was used as complement (C') Inactivated complement (iC') 
was prepared by heating the serum at S6°C for 50 minutes (thermometer in the 
serum) Shorter inactiration w as effective in abohshing the hemolytic activity of C' 
but did not always reduce the amount of combming component (C'l) to a minimum 
(1) C' and iC' were allowed to stand overnight and were centrifuged again m the 
cold' before using 

Anti egg albumin and antipneumococcus Type in rabbit sera were used with egg 
albumin (Ea) and the specific pol} saccharide of TjT^e IH pneumococcus (S IH), 
respectn elj , as immune sj stems The rabbit antisera were not inactivated, as thev 
were emplojed at dilutions at which their C'l N content could not be measured 
Quantitatne precipitin estimations were carried out as described in numerous 
papers (for example, 1, 6) with accuratelj measured quantities of serum and antigen 
Anabses were usually run in triplicate, and the specific precipitates were washed 
three times instead of tw ice, as was also done m (1) Comparisons w ere made of the 
amount of specific N precipitated in the presence of known \olumes of C, iC', and 
saline The difference between the values obtained with C' and iC' was considered 
due to complement combining component nitrogen (C'l N) 

In aU except the expenments with preformed specific precipitates antiserum was 
thoroughlx mixed w ith C' (or iC') and saline before addition of antigen Hemolytic 
“units” were measured as in (1) - 


EXPERIMENTAL 

Exptrtmciil 11 Coinpansoit of Reaction Periods of 1, 2, and 3 Ilonrs — ^Temperature, 
19 5°C Complement “titer,” 250 “units ” Portion of C' inactivated for 50 minutes 
at 56°C (iC') Antipncumococcus Tjqje III rabbit scrum B 6, diluted with 5 5 vol 
umes of sahne, pooled w ith corresponding dilution of scrum 6 Ofi^b S III dilution 
contained 0 04 mg per ml All determinations in tnplicatc except blanks Tube 
contents were mixed frequcntlv dunng penod of standing 


' In an International Equipment Companv refngerated centnfuge 
- The sheep red cells used were 1 indlv furnished b) Miss Edna Bal cr of the Wasscr- 
mann Laboratorv , Presbv tenan Hospital 
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Hrs. at 19 5 C 
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1 0 

1 
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Hemolytic Sinlts left la C tuperoiUnU <<15 
0 005 X 5/3 

tin this experuaeot the uUae control vilues varied unaccounUhly It was therefore as timed that the 
iC N value 0 ^ was 0 01 greater than the aaUae ser es should have heeo as was frequently found In (1) 
(or 3 ml o! 1C For S ml 2/3 of 0 01 was added to the IC series \alue for 5 ml (column 7) 

Experimettl 12 Ftxalxon of Complement by Specific Preaptlaie Conlatntng Lxcess 
Anltgen — Temperature 22 C Complement liter," 285 'units per ml Anti Ea 
pool C rabbit serum used, diluted with 2 volumes of 0 9 per cent saline Ea solution 
m salme contamed 0 058 mg Ea N per ml The supernatant from a mixture of 1 0 
ml each of Ea and anti Ea contained a trace of Ea as indicated by a positive test with 
antiserum and a negative test with Ea In the experiment itself the contents of the 
tubes were thoroughly mixed and Ea was added last 
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Experiment 13 — Since this e'qienmcnt was designed to supply comparative data 
on C'l N estimations m active gumea pig serum with antigen antibody mixtures in 
different proportions and w’lth preformed precipitates, no analyses were run in in- 
activated complement C'l N wras calculated by addition of 0 01 mg of N per 3 ml 
of C' to the saline control values (c/ 1) Temperature, 22°C Complement “titer,” 
285 “units” per ml Eabbit antipneumococcus Type III serum B 6 used, diluted 
with 3 5 volumes of saline The S III solutions contained 0 04 and 0 12 mg per ml 
Reaction time, 1 hour and 20 minutes, with frequent mixing 
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Hemoljtic units left in enUrc supernatants of erst four C senes <<16 m each m supernatant from pte 
cipitatesenesvriih3ral C (column U), <<I6 in supernatant from prccjpilnte series with S ml C (lastcolumn), 
<30 

In these Ivo sets of tubes S III and antiserum were first mixed allowed to stand 0 5 hour at room tempera 
ture centrifuged in the cold washed with 3 ml of chilled saline and again centrifuged The washed precipitates 
were resuspended in the >olumes of saline indicated and the guinea pig serum was then added 
1 3/5 X 0 015 (column 3) 

Dupheate aliquot portions of 8 0 ml of the combined supernatants of the tubes in 
columns 5, 6, and 7 of the protocol, which onginally contained an excess of antibody, 
w ere mixed w ith an additional 0 04 mg of S in and allow ed to stand in the cold 
oxemight The resulting precipitates were centnfuged in the cold and analjzed for 
N in the usual w ax The quantities found w ere the same, w hether or not complement 
had onginalU been present 0 186 mg in the salt supernatants, 0 194 in the 3 ml C' 
supiematants, and 0 192 in the 5 ml C' supernatants Excess S in was present in 
the supernatants from these analjses, indicating that antibodj precipitation was 
complete The quantit> of antibodx K present, calculated from the difference 
between the specific X x-alues m columns 8 and 5, x as 0 21 mg 

Experiment 14 Fixation of Complement by VarMi g Amounts of Specific Precipitate 
— Temperature, 25°C Complement ‘titer," 250 “units” 75 ml inactixatcd at 
56‘^C (thermometer in scrum) for 50 minutes \ specific precipitate w as prepared 
as folio s on the daj before use 10 ml of antipneumococcus Tx^ie ni rabbit scrum 
B 53, containing 3 56 mg of antibodx X per ml , w ere diluted to about 35 ml and 
mixed V Ith a solution of 2 mg of S in, an amount chosen to leaxe antibodj in excess 
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After 0 5 hour at 0 C the mixture was centnfuged and the precipitate was washed 
h\ice with 35 to 40 ml of chilled salme resuspended m 35 ml of saline containing 
1 10 000 merthiolate ’ and filtered through a loose cotton plug to remove any large 
lumps The N content of the suspension (lot A) was 0 54 mg per ml Suspensions 
B and C ere prepared from lot A by dilution of 7 5 ml to 10 and 15 ml , respectively, 
Mith saline while suspension D was prepared bv dilution of 2 5 ml of lot A to 10 ml 
and suspension E by dilution of 2 ml of lot A to 15 ml As shown m the protocol, 
the suspensions were mured with 7 ml of saline, 7 0 ml of iC', and 7 0 ml of C and 
centnfuged after 2 hours at 25® with frequent mmng Tnplicate determinations 
were run in ever> instance except with the C' and iC' sahnc blanks on which single 
estimations were made 
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5 ml serum to 20 ml , lot C, 2 5 ml serum to 20 ml Corresponding dilutions of S III, 
were also made up to contain A, 0 071 mg S m per ml , B, 0 048 mg per ml , and 
C, 0 024 mg per ml Blanks, 1 tube each 
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Analyses, m tnplicate, with 1 5 ml serum ddution and 1 S ml S III dilution added 
to each tube 
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Hcmolj tic units left in A, B, C complement supernatants, < <16 
• Calculated mterpolation from the A and C senes blanks 
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DISCUSSION 

The data gi\ en in Evpenment 1 1 show that uptake of complement combining 
component nitrogen (C'l N) by a specihc preapitate was complete in 1 hour 
at room temperature, and that identical quantities of C'l N were also added 
when expwsure to C' v as continued 1 or 2 hours longer The apparent solu- 
bilitj effect, pre\iousl> noted (1), in which less C'l N per ml was removed 
from relatneh larger quantities of guinea pig serum, was abo found to be 
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u n i nfl uenced by the penod of contact of the reactants within the limits given, 
since in all cases 0 025 to 0 026 mg of C'l N per ml was taken up from 3 ml 
portions of C' and 0 020 to 0 022 mg per ml from 5 ml portions 

It is shown in Experiment 12 that speafic precipitates formed m active 
guinea pig serum by addition of a shght excess of egg albumin to rabbit anti 
egg albumin serum took up more nitrogen than was added in the same quantity 
of mactivated guinea pig serum The difference, 0 10 mg , for 3 ml of comple 
ment, was of the same magmtude as m previous instances m which an excess of 
antibody, rather than an excess of antigen, was used (1) (also Expenment 11) 

It IS also evident from Expenment 13 that identical quantities of C'l N 
were removed from active guinea pig serum by sufficient S m rabbit anti S 
in preapitate \vhether the specific preapitate v\as formed m the region of 
excess antibody or m the region of excess S HI The last portion of the 
expenment also shows that the supernatants contaimng excess antibody held 
the same quantity of antibody when sahne inactivated complement, or active 
complement was present m the original preapitations, showmg directly that 
the corabimng proportions of S m and antibody are umnfluenced by active 
complement In the measurement of C'l N, therefore, it is immaterial whether 
a moderate excess of antigen or antibody be used provided the texture of the 
speafic preapitate remains such that effiaent washing is possible In none of 
the numerous expenments so far recorded, therefore was the mtrogen uptake in 
the presence of active complement due to excess antibody and this strengthens 
the conclusion that the increase observed was actual!) due to complement 
combimng component 

The data in the last two columns of the protocol of Expenment 13 show that 
a speafic preapitate freshly formed m the region of antibody excess, wtis 
almost as eflicient in the fixation of C'l N as were the correspondmg quantities 
of S in and antibody when added separately The washed speafic preapitate 
removed the same quantity of C'l N from the 3 ml portions of C' as did S HI 
and anti S HI in solution, whereas 0 48 mg of preapitate N w as not suffiaent to 
take out all of the C'l from 5 ml of C' This is shown not only by the C'l N 
values in the protocol, but also by the tests for the number of hemolytic units 
of C' remaimng in the supernatants 

It will be remembered that Goodner and Horsfall (7) showed that preapita 
tion and centnfugation greatly impaired the capaaty of specific preapitates 
to fix complement. The results now reported, which show that under suitable 
conditions specific precipitates may fix as much C'l N as antigen and antibody 
added separately, are not at all m conflict w ith this conclusion The speafic 
preapitates used in the present studies were prepared m the region of excess 
antibody so that they might be resuspended m finely divided form after 
repeated centnfugation, and pains were taken, by frequent mixing of the tube 
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contents, to ensure prolonged contact of tlie precipitates with the C' The 
obser\ations of Goodner and Horsfall (7) clearly demonstrated the decisne 
effect of ^ anation of expenmental conditions on the fixation of complement, 
so that the recording of opposite conclusions under w idely different conditions 
IS not only to be expected but may be easily accounted for 

In view of the efficient fiuxation of C'l by finely divided specific precipitates 
a study was made in Expenment 14 of the uptake of CT N bv varjnng quanti- 
ties of preformed S IH-anti-S IH The relative amounts of C' and specific 
precipitate w ere so chosen that excess C' w ould remain lYhile it is hoped that 
additional expenments along these hnes wall aid in a more complete under- 
standing of the mechamsm of complement fixation, these initial data seem 
sigmficant m their relation to other obser\mtions (1, 2) It will be noted that 
in senes E 0 097 mg of specific N fixed 0 07 mg of C'l N, or 72 per cent of its 
own weight of complement combimng component, a result approaching in 
magmtude the uptake of even more than an equal weight of C'l N under 
conditions of greatest sensitivity (2) Double the quantity of specific N 
removed only a httle more C'l N (0 08 mg ), but it is evident from the re- 
maining data that still larger amounts of specific N removed more C'l N 
and also a larger number of units of hemolytic activity More information 
will be necessary, how ever, for the evaluation of the relationship between these 
tw o measures of complement activity 

In Expenment 15 identical quantities of C'l N, within the error of the deter- 
minations, were remoxed from 5 ml of another pool of guinea pig serum by 
0 37, 0 76, and 1 14 mg of specific N, showing that when sufficient precipitate 
IS present to exliaust the C'l the amount of C'l N found is independent of the 
specific N taken 

The several tests descnbed above serx'e, then, to confirm the validity of the 
method for the estimation of complement combining component (s) in weight 
units, and to extend the expenmental basis for its use 

Theoretical implications of the large uptake of C'l N b} preformed speafic 
precipitates w ill be discussed when more data are available 

SUMMARX 

1 Quantitatixe data are gixen on the effect of variations in the time of 
contact and the proportions of the reactants on the quantitj of complement 
combining component nitrogen (C'l X) found in actixe guinea pig serum 

2 C'l X was the same when determined with precipitates containing excess 
antibodx or excess antigen 

3 Tineh dnided specific precipitates took up the complement combining 
component (C'l) from subsequcntlj added guinea pig serum almost as well 
as speafic preapitates formed in the pmscnce of complement 
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INFLUENCE OF CHARACTER OF ANTIBODY UPON VELOCITY OF 
FLOCCULATION 

By william C BOYD PhD 

(From Evans Memonal, ZfassacAuseUs Memonal Bospxials, and Boston Umverstly 
School of Medtctne Boston) 

(Recei\ed for publication, June 19, 1941) 

The velocity of preapitate formation in mixtures of antibody and antigen de 
pends upon a number of factors, including the proportion in which the reagents 
are mixed, the absolute concentrations of reagents, electrolyte concentrations 
and probably the amount of certain adjuvants, possibly hpoid in nature, which 
maj be present It is intended to call attention here to the influence of another 
factor, the character of the antibody 

In a number of antibody antigen systems it has been found that a study of the 
proportions m which reagents should be mixed to obtain relatively the most rapidlj 
flocculatmg mixture is of considerable mterest and practical value Two examples 
which will at once come to mind are the Ramon (32) titration of diphtbena toxm and 
antitoxm and the Dean and Webb (10) optimal proportions titration Such methods 
are also bemg used more and more m theoretical investigations 

It will be recalled that the Ramon and the Dean and Webb titrations are not done 
in exactly the same manner In the Ramon technique, varying amounts of anti 
serum are added to a constant amount of antigen (toxin) and the most rapidl} floe 
culating mixture observed This has been called the p procedure by English wnters 
icf 26) The Dean and Webb technique holds the amount of antiserum constant 
and vanes the amount of antigen (a procedure) In either case the optimal ratio 
(dilution of antigen/dilution of antiserum) depends within limits of error on the 
relative, and not the absolute concentrations of the reagents Thus m the a pro- 
cedure, if most rapid flocculation occurs in the case of antiserum diluted 1 5 and 
antigen diluted 1 200 then with antiserum diluted 1 10 the optimal dilution of 
antigen v. ill be 1 400 This is the ongm of the term optimum proportions ’ This 
technique has been considerably used in titrating rabbit precipitating sera and their 
antigens 

Now of course the 0 or reverse” procedure could also be applied to these systems 
It might not have been too eas> to predict a prtoti whether the optimal proportions 
ratio obtamed by apphcation of the two methods to the same system would be the 
same A number of experimenters have tried this (II 27, 34-36), and have found 
that the two points are not the same The ratios differ, but by amounts which varj 
m different svsteins An attempt is made to explain this pomt, by use of a diagram 
m Marrack s book (26) 
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The a procedure has seldom been applied to toxin antitoxin titrations, perhaps 
chieflj because the antiserum almost always contains seaeral times as many units as 
the toxin, which means that if the toxin is diluted, the antitoxm will have to be diluted 
even more The precipitating power of an antitoxin seldom approaches that of a 
rabbit antiserum agamst egg albumin, for example, and is less rapid, so it becomes 
difScult to w ork w ith such dilute mixtures In addition, as is w ell know n, the toxin- 
antitoxm sj’stem differs stnkinglj from the rabbit antisera, even from rabbit anti- 
diphthena toxin, in that the range of mixtures w hich w ill precipitate is much more 
narrow , so that it is necessary to have mixtures not too far from the optimum in order 
to get any precipitation at all 

If the a procedure is applied to the toxm-(horse)antitoxin system, the optimum 
obtained does not usually differ verj' much from that obtained by the more usual 0 
procedure (27) This is m contrast to the behavior of most rabbit antisera It w ould 
seem that something remains to be learned by more expenments along these lines 

The present work was undertaken with the aim of exploring a little further 
the relation betw een the tw’o sorts of optima, emplojung a number of antisera, 
some from rabbits and some from horses, agamst a vanety of antigens An 
attempt \ ill be made to present the results somew hat more clearly by use of 
methods emploj ed in map making 

Technique 

The techmque emploj ed, a slight modification of that described bj' Dean and Webb 
(10), has been used b\ Dr Hooker and myself for some time, but never fully described 
m print The flocculation was observed in small tubes holding as nearly as possible 
1 0 cc , and all of approximate^ the same internal diameter An appropriate number 
of these were placed in a rack kept in a water bath at 37°C in such a way that each 
tube was approximatclj one-third immersed The approximate position of the opti- 
mum was located b> a "rough test" in the usual way Then a set of dilutions of 
antigen was made in Wassennann tubes, each tube finally containing 0 5 cc of a 
mixture 1 5 times as dilute as that in the preceding tube With a 1 0 cc pipette 
0 5 cc of the proper dilution of antiserum was added to each Wassermann tube in 
turn, beginnmg with the highest dilution After each addition the contents were 
mixed bj bncf shaking, then wuthdrawn bj means of a capillary pipette with a rubber 
bulb and a long, not too fine tip The mixture was immediately transferred to one 
of the smaller tubes This w as placed in the rack and the time recorded This trans 
fer insures thorough mrxmg and gi\ es an adequately high column of liquid to alloi/ 
con\ ection currents to be established to cause muxing to continue, w hich accelerates 
the reaction, probablj proportionallj m all tubes (18) The diluted antiserum v as 
added to the other tubes in turn, and transferred to the small tubes, using the same 
capiUarx pipette for each senes in which the same antiserum dilution was being used, 
and gomg onl\ from the higher to the lower dilutions (from weak to strong antigen) 
For the next senes, a dilution of antiserum 1 5 times as great i as used, the range of 
antigen dilutions extended if necessan , and a fresh capiUan pipette used 

The tubes were obsened continuouslj , in dax light or under \ hite fluorescent light 
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Cloudiness appears in the tubes which are going to flocculate usually withm a few 
minutes The time at which particles just visible to the naked e>e appear was 
recorded for each tube Bv subtracting the tunc the tube n'as filled, the tune required 
for flocculation i\a5 found 

The same procedure, w ith the ob\ lous modifications, can be used for the method 
If a complete checkerboard experiment is being done, it does not matter which 
procedure is followed, since ultimatelj all possible mixtures (which will flocculate) of 
antigen and antibody are tested anywa\ 


TABLE I 

Times of Flocculaiton in Mixlures C«i/amin; OS cc Each oj Vanous Dilutions oj Antisentm 
and Antigen 
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The reagents were a rabbit antiserum (No 113) against LtmuJus hemocyamn and its 
antigen The antigen and antiserum dilutions were successively 1 5 times greater in each 
tube readmg from left to nght for the antigen and from top to bottom for the antiserum 
The serum in the first tube was diluted 1 2 the antigen 1 5 (for absolute concentrations, 
see Table II) 


Bj carrymg this procedure as far as the pomt at which the most rapid tube m a 
series took hours or over the whole range of possible flocculating mixtures was 
covered, and a table of times of flocculation obtamed, one entry for each combination 
of antibody dilution and antigen dilution An example is shown m Table I 

Successive dilutions m steps of 1 1 5 were selected as not bemg too labonous and 
givmg sufBaently precise information as to the relation between times of flocculation 
and the proportion m which reagents were mixed 

RESULTS 

The results of such an expenraent as that shown in Table I can be plotted in 
a number of ways If we plot the times of flocculation against the dilution of 
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antigen used, for each serum dilution, v\ e obtain the picture seen in Fig 1, which 
illustrates the principle of the a procedure It will be noted that in all cases 
except those in which the reagents were too concentrated to allow of proper 
performance of the test, a well defined minimum is seen m the time curve, corre- 
sponding to the point of optimal proportions The time ma> be approxi- 
mately constant in several tubes near this point, ow mg to the flatness of the 
curx'e If w e select the middle tube in such instances as the optimal tube, it 
wiU be seen from Table I how the optimal points he approximately on a straight 
hne, which passes diagonally from upper left to lower right, showing the ratio 
to be nearly independent of the absolute concentrations 



Fig 1 Tunes of flocculation of serum dilutions, held constant, when mixed with 
various dilutions of antigen 

Fig 2 shows the results of plotting the time against the serum dilution, anti- 
gen being held constant This corresponds to the /3 procedure of the Bntisli 
w nters It wall be noted that although there is some suggestion of a minimum, 
it IS not nearl} so well defined as in Fig 1 \\ e maj conclude that in this case 

the B optimum is not so clear as the more usual a optimum Curx es similar 
to those of Figs 1 and 2 haxc been presented b> Miles (27), based on cx-pen- 
ments with agglutinating sera Compare also Brown (7) 

In passing attention maj be called to the regulantj of the indixidual cunes 
in these graphs and the sx'stematic v aj in which each differs from the one ne' t 
to it, somewhat suggesting a mathematical familx of curves, all having the 
same formula, but different values of the parameters 
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Considerations of space iv ould pre\ ent giving similar graphs of all the present 
data, even if that seemed the best method of presentation Fortunatelj a more 
compact method is available Matbematicall> , the set of data shown in Table 
I defines a surface, where time is the third dimension, and anUgen ddution and 
serum dilution are the two independent variables (Note that we are plotting 
these on a logarithmic scale this is the result of givmg simply the tube numbers 
instead of actual concentrations, but is in any case necessary m order to achieve 
sufiBcient compactness ) This surface could be modeled m three dimensions. 



Fig 2 Times of flocculation of various antigen dilutions held constant when 
mixed with various dilutions of antiserum 

and the model would summarize the flocculative behavior of the system Such 
a model is not easy to show m two dimensions, but the essential charactenstics 
can be shown by makmg use of the same conventions used in topographic maps 
Lines can be drawn through points of equal time at appropriate intervals, and 
the position and distance apart of these contour lines (isochrones) serves to 
characterize the surface This can be done without actuall> constnictmg the 
surface at all by simply drawing such bnes through a table such as Table I 
ha\ing constructed it in such a waj that the scale in each direction is the same, 
and finally ehnunatmg everything but these contours and the coordinates 
Fig 3 shows the results of this procedure apphed to the data of Table I Th^* 
contour lines cannot be drawn at equal intervals therefore the intenuls have 
been successively doubled That is, contours have been drawn for times of 1, 
2 4 8 16 32 and 64 minutes This happens to produce a set of lines which 
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are nearly equally spaced m the graph, showing that the slope of the surface in- 
creases rapidly in steepness as the dilutions of antibod}^ and antigen are in- 
creased The hne of dashes connects the minima obtained by the a procedure, 
while the hne of dots connects those of the /5 procedure For a constant “op- 
timum” to be obtained by either method, the corresponding hne should be 
straight, with a slope of 45° 


Antigen tube Ha 



Fig 3 Table of times of flocculation of mixtures of vanous dilutions of antigen 
(Ltmnlits) (top), and vanous dilutions of antiserum 113 (left), showing method 
of drawmg Imes of approximately equal times Numbers indicate rows or columns 
respectn elv, the dflution of serum m the top row was 1 2, the antigen in column 1 
was diluted 1 5 (see Table If) 

This techmque enables us to present simultaneously the data from a number 
of “checkerboard” expenments such as that of Table I Such expenments 
were earned out wnth rabbit antisera anii-L^nuilus hemocyanin, 110, 113, 116, 
S63, 864, anti-cancer hemocjmmn, 784, 785, 944, anti-ZZoman/s hemoc>anin, 
778, 9, anti-jBif53c<m hemocj'anin, 232, anti-o\ albumin, 125, 129, 848, 862, 
865, anti-diphthena toxin, R-T, obtained from Dr Pappenheimer, and horse 
antisera anti-o\ albumin (H-Ov) and antitoxin (H-T), from Dr Pappen- 
heimer, and anti-^i/i^coi hemocxanin (H-633), obtained through thecourtesy 
of the Lcderle Laboratoncs 

The antigens used in these expenments had been prepared as pure as pos- 
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sible, — by repeated crystaUization in the case of ovalbumin, by repeated 
isoelectric preapitation in the case of the hemocyanuis 
The exact concentrations of the anpgens used, and the anPbody content of 
the antisera, do not bear significantly on the arguments to be presented here 


TABLE n 

Optimal DtUilions of Sera and Antigens at Most Concentrated Optimum* 


Serum No 

Antigen 

ConccQtiatioa 
of antigen 

I Lowest optimal dHutlon 
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1 2 
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* 
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116 i 
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1 47 

m 

Hemocyanio 

2 50 
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784,5 




1 10 

944 

Eomarus \ 

* 


1 15 

778 9 

Hemocyamn 

5 41 


1 76 
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Ovalbumm 

S 60 


1 456 
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1 203 

848 



‘ 

1 301 

862 





865 





H-Ov 



Undiluted 

1 3000 

KT 

Dipbthena toxin 


• 

13 4 

HT 

Bus^con 


1 5 3 

Undiluted 

232 

Hemocyanin 

7 51 

Undiluted 

1 17 

H-633 




1 2 25 


* Point represented by a cross in Figs. 4 a and 4 6 


However they may be obtained from Table II, the former directly, the latter 
bj esPmation (2) from the optimal ratios and the published \alues for the 
ratio of anubody to antigen m optimal preapitates from the various systems 
(18, 19 20, 22 25, 28) The horse antitoxin had a strength of 400 units per 
cc The combined results ate presented m Fig 4 
It IS at once evident that the direction of the dotted or P fine, is in general 
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1 2 4 6 IB 33 


1 2 4 8 1B32 





Fig Ab 


Fig 4 Contour lines of equal tunes (tsochn^nes) of flocculation m mixtures of 
vanous antigens and antibodies Scale of dilution, successively times greater 
shoNvn only m graph for serum 110 Numbers at top mdicate times a indicates Ime 
connectmg Dean and Webb optima, p line connectmg Ramon optima The cross 
indicates the position of the e optimum with most concentrated serum (lowest pomt 
on the time surface, see Table II) 
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much less regular than that of the a hne However, for the sake of fairness, 
the |3 hne has been indicated in all cases vv here there v\ as even a suggestion of 
It, although it w as clear that in some cases it vv as too irregular and uns> stcmatic 
to have any significance Note how in a number of cases it has a slope different 
from 45°, indicating that the /3 optimum was not constant for different dilu- 
tions of antigen By inspection of Fig 4, it is seen that the sera tested may be 
divided roughly into two classes, which we may designate as R and H (the 
reason for this choice of letters w ill become clear as w e proceed) 

Defimlwns 

In one class, which we shall call the R class, there is little tendency for well 
marked consistent minima to be found when the ^ procedure is followed If 
w e follow’ any one isochrone in the graph of such a system in Fig 4 (correspond- 
ing to some defimte time of flocculation) from left to right, we find that it tends 
to pass through a minimum where it is concave upward, then to rise pretty 
much V'ertically {x c following some constant antigen dilution) to the upper 
limits of the graph Essentially such behavior is found with rabbit sera 110, 
110-2, 113, 116, 864, 129 Miles (27) has described rabbit agglutinating sera 
w hich also behaved in this way 

In systems of the H class, w hich is most stnkingly represented, even though 
two of the sera are weak, by the three horse antiprotein sera (H-633, H-Ov, 
and H-T), the contour hne passes through a mimmum as before, then curv es 
over to the left, so as to create another minimum under the conditions of 
constant antigen This can be seen by turning Fig 4 clockwise through 90°, 
so that the nght hand side as viewed in the usual way becomes the bottom 
In these sera, apparently, combination of more than a certain amount of 
antibody w ith a given amount of antigen does not leave the rate of flocculation 
at Its maximum, but actually diminishes it As already mentioned, this 
behavior is most stnking in the case of the horse antiprotein sera, but to a 
less extent it is observ ed also w ith the rabbit sera 863, 784,5, 944, 848, 232 

Duncan (11), Miles (27), and Taylor (34) have reported experiments in 
w hich this behav lor of certain rabbit sera is even clearer 

Horse antitoxin of course furnishes the classical example of what is meant 
here by an H serum, in the results presented (H-T) this is somewhat obscured 
by the fact that horse antitoxin is so weak in comparison with the other sera 
that, on the scale necessary to include the full range of all the sera, the shape 
of the time surface is not properly shown for this system An expenment 
done with smaller steps between successive dilutions would show a picture 
similar to that giv en for serum H-633 

It will perhaps make the distinction between these different types of antisera 
clearer if we present a set of ideal contour lines illustrating them, in which the 
non-essential irregularities have been smoothed out This is done in Fig 5, 
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which shows the ideal behavior of the R type, the H type, and the extreme H 
type as typified by diphtheria antitoxin 
It will be seen that in the R type only one optimum, that obtamed by the 
a procedure, is possible The jS procedure, where increasing amounts of 





(cl EXTHEME. H Tin ( OITlfWCLOjE TOfitTHEH) 

Fig 5 Ideal loochrones for antisera of vanous types (see text) 


antibody are added to constant amounts of antigen, will give, for any given 
amount of antigen more and more rapid flocculation, until the rate reaches a 
maximfim, after which further addition of serum viU not influence the rate of 
^dccul^tion (the volume being kept constant) 

Jiniera of the H type tno optima are possible, depending on the procedure, 
and It IS clear from Fig 5 that these two optima can never actually coinade. 
With sera of the e^eme H ^;iTpe, however, with which the change m slope of 
the cur\es is extremely rapid near tins point, the difference between the two 
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optima will be slight If the isochrones are mathematical!} similar (the 
same shape) it can be seen ho\\ the quotient of the a and ^ ratios ould be 
constant for a serum of the H t}’pe, as has been reported (11, 34) 

DISCUSSION 

Considering the difference between the horse antisera and the rabbit anti- 
sera, when directed against the same antigens (Nos 129 and H-Ov, R-T, 
784,5, and H-633), and the differences in the behavior of different rabbit 
antisera against the same antigens, it would seem that the flocculation behavior 
must depend m part on the physical and chemical characteristics of the anti- 
body Othen^ ise it is difficult to understand how some sera can belong to the 
R (one optimum) type, while others directed against the same antigen can 
belong to the H (two different optima) type There are perhaps two w’ays 
in which antibodies might differ so as to cause these differences in behavior 

It IS known that the horse antiprotem antibodies thus far studied differ 
from the corresponding rabbit antibodies m being more soluble, i c , a higher 
concentration of sodium or ammonium sulfate is required to precipitate them 
This suggests that the solubility characteristics of the anPbodies ha\ e a bearing 
on our problem If an antibody is essentially rather soluble, it can be under- 
stood that combination of more than the optimal amount of it with a given 
amount of antigen would produce in the region of antibody excess compounds 
more soluble than those formed at the optimum The compounds with the 
larger amounts of antibody, might have predominantly the solubility character- 
istics of the antibody, thus accounting for the increased solubility and lowered 
rate of flocculation Or the surface properties might pass at or near the 
optimum through a minimum in respect to some other property, such as 
electric charge 

There is now a good deal of evidence that the pnmary stage of serological 
reactions is extremely rapid (3, 5, 12, 13, 16), combination probably being 
substantial!} complete in a matter of seconds Since flocculation is relatn ely 
slow , rcquinng in the case of some antitoxins a number of hours, we may regard 
flocculation as essentially an ex-pression of the secondary combination of 
pnmar} aggregates consisting essentially of antigen combined with more or 
less antibod} 

If seconder} combination is regarded as more or less non-specific, as in the 
Bordet theoiw (1), we ma} suppose that the rate of flocculation would depend 
upon, among other factors, the degree of the hydrophilic or h}drophobic 
character of the antibod% We might suppose that the reason mixtures 
flocculate more and more rapidl}, up to a certain point, as more antibod} is 
added, is that polar groups on the antibody and antigen molecules neutralize 
each other or are cosered up mechanical}}, mating the primaiy aggregates 
less and less hxdrophilic, and thus more inclined to flocculate If the antibod} 
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^ere hjdrophilic addition of still more would be expected to produce com 
pounds havmg again a more hydrophilic character, due to the greater pro- 
portion of antibody m them, and thus the tendency to flocculation would have 
passed through a maximum The ^ optimum with sera of the H type would 
thus be explamed With less hydrophihc antibody, however, the rate of 
flocculation would be increased up to a certain pomt as before but the presence 
of excess antibody would have httle or no effect in again increasing the hy 
drophihc character of the aggregates, particularly as some increase m the 
number of hydrophilic groups would be required to keep these larger aggregates 
in solution anjw\a> This would account for the behavior of the R type of 
serum A similar suggestion was made by Brown (7) 

In this cormection it may be worth while to recall the worl of von Smo 
luchowski (33), who proposed a theory of the veloaty of colloidal flocculation, 
which accounts very well for the results obtained with a number of inorganic 
sols His theory, based only on the assumptions of the kinetic theory, as- 
sumes that the veloaty depends on two different factors, — the number of 
centers of aggregation imtiaU>, and the fraction of collisions between these 
which result in union In the ^ procedure (constant antigen) the number of 
centers of aggregation is the same m each tube, for w e may suppose it sub- 
stantially equal to the number of antigen molecules present (18), but it might 
well be supposed that the fraction of colhsions resulting m union depends upon 
the amount of antibody combined with a molecule of antigen This should 
be so even if we think of the second stage as being ‘specific” (14, 26) For 
here too it is easy to imagine that after the first stage of combination the prob- 
abiUty that any two of these primary aggregates will combme on. colliding is at 
first increased, by higher antibody antigen ratio, roughly in proportion to the 
amount^of antibody combined For, up to a point, the more antibod> there 
IS on each aggregate, the greater the chance that one of the free combining 
groups of an antibody molecule will come suffiaently close to a free combining 
group of an antigen molecule formmg part of another aggregate to unite with 
it But after a certam point, the presence of more combined antibodj will 
interfere with aggregation as each aggregate will have proportionally less 
antigen surface exposed, so that fewer antigen combimng groups will be 
available to effect combination 

The chief difficulty with this second way of looking at the problem is that on 
such a basis it would appear that all antisera should belong to the H type, as 
this argument should apply equally to all systems Pappenheimer, Lundgren 
and Williams (29) have proposed an c:q)lanatjon of the inhibition zone ob 
served with antibody excess in the toxin antitoxin system which might partly 
meet this diflaculty They suggest that the combimng groups (assumed to be 
two per molecule) m horse antitoxin are concentrated at one end of the mole 
cule, whereas in rabbit antibodies, including rabbit antitoxin, they are more 
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evenly distributed Then it is supposed that the inhibiting effect of antibody 
excess on flocculation in the case of horse antitoxin is due to the fact tliat these 
combining groups of the antibody interfere rvith each other uhen more than a 
certain amount of antibody is combined with a molecule of antigen In the 
rabbit system, the combining groups, being further apart, would interfere 
less, or not at all, with each other, allowing aggregation to proceed If this 
were the correct general explanation, we should be forced to assume that 
practically aU degrees of asymmetry m the distnbution of the combining 
groups on antibody molecules could exist, to account for the v anation observed 
m sera from the extreme H type of horse antitoxin to the R tjTies of certain 
rabbit antibodies This is perhaps a difihculty, and there is the additional 
objection that there is thus far no evidence that most of the antibodies that we 
haxe studied have more than one combimng group per molecule, and the 
proposed explanation could not apply to a univalent antibody It does not 
seem possible at present to decide defimtely betw’een the tw'o possible explana- 
tions, but the w’nter still prefers that based on differences in the hydrophilic 
character of the antibodies, as being on the whole more plausible At any 
rate it w ould seem that obserx'ations on the relation of the different precipita- 
tion optima can be accounted for, in theory at least, without making any use 
of the assumptions of the lattice theory 

The optimum obserx'ed in flocculation by the a procedure is not difBcult 
to understand Here the amount of antibody is constant, and the antigen is 
x'aned In the mixtures contaimng the smaller amounts of antigen, there are 
not enough centers of aggregation to give the most rapid flocculation, although, 
m the R tj'pe of serum, these centers are maximally coated antigen molecules 
haxung about the maximum tendency to aggregation In mixtures with more 
antigen, the number of centers is greater, but at the same time the amount of 
antibodj ax'ailable for each antigen molecule is diminished, and the pnmary 
centers resulting are less hydrophobic (more soluble) Finally a point is 
reached where the dimimshed tendenej'^ of the pnmary aggregates to combine 
balances the increase in rate caused by their larger number As more 
antigen is added, the tendency to combine is decreased sufficiently to produce 
the zone of partial, and ultimately of complete, inhibition 

As before, we could also interpret this in terms of the “specific” lattice 
theorj’, wuth about the same degree of plausibility 

Relation of rioccnlalwn Optima to Neutralization 

Dean and Webb (10) found that at the optimum obtained by llicir (a) 
procedure, in the case of the sxstem the> worked with (rabbit-antihorsc-serum 
and horse serum), there were no more than traces of antibody and antigen in 
the sujjematant Similar results haxe been obtained with ovalburmn, azo- 
protein, xeast gum, and pneumococcus pol^-sacchande Tj'pe I (9, 11, 21, 36, 
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and references in 26) This suggested that the flocculation optimum had in 
addition to its practical utihtj some theoretical significance 

However Burnet (8) found most rapid flocculation of staphylococcal to'an 
and antitoxm in mixtures contaimng some excess of antibodj and a number 
of others have obtained similar results Malkiel and Boyd (25) found that 
m two hemocjanin antihemocyamn systems most rapid flocculation occurred 
in mixtures in which antigen was in excess 

In the Ramon titration (fl procedure), the most rapidly flocculating mtxture 
may be neutral, although it is sometimes under , more often over neutralized 
Pappenheimer and Robinson (30) even by the sensitive rabbit mtracutaneous 
test, failed to detect any appreciable toxin or antitoxin in the supernatant 
from such mixtures Duncan (11) and Taylor, Adair, and Adair (36) found 
instances in which the Ramon optimum was in the region of antibody excess 

The fact that the /3 optimum corresponds at least m some cases to a pomt m 
the equivalence zone may be accidental, but it is more likely that it is due to 
the fact that in both cases the deciding factor is approximately complete cov 
erage of the surface of the antigen by antibody This is conceivable on the 
basis of either the older or the newer theories of reaction mechanism, as can 
be seen by the remarks of Paulmg (31) The studies of Boyd and Hooker 
(4, 6) on the ratio of antibody to antigen in precipitates suggest that antibody 
covers more surface than if it behaved as a sphere, and purely chemical and 
physical CMdence indicates that antibody molecules are elongated ellipsoids 
In the case of o\ albumin the antigen surface is calculated to be completely 
covered by about three molecules of antibody The studies of Heidelberger 
04) and collaborators suggest that the compound formed m this system at the 
antibody excess end of the equi\ alence zone is mostly A G (in w hich A repre 
sents antibody, and G antigen) This may mean that coverage of about two- 
thirds of the surface suffices to bring about maximal alteration in surface 
properties 

According to Pappenheimer, Lundgren, and Wilhams (29), at the optimum 
two molecules of antitoxm are combmed with one of toxm The formula of 
Boyd and Hooker would lead to the conclusion that four antibody molecules 
are required to cover the surface of a molecule of toxm, if this is correct, the 
surface is m this case only half covered Since horse antitoxin is strongly of 
the H type, this might be the pomt at which the h>drophihc properties of the 
toxin antitoxin compound were at a minimum The observation that such 
mixtures are nevertheless often neutral could be accounted for if either the 
number of toxic groups on the toxm molecule is limited or neutralization is 
due, at least in part, simply to the low solubihty and decreased mobilit> of 
the compound 

One would expect to find that m general the a optimum corresponded to a 
pomt in the region of slight antigen excess where the two opposing tendencies 



384 


CHARACTER OT ANTIBOD\ AXD ^’RLOaT\ OF FLOCCUI^VTION 


mentioned above could be expected to balance This ivas found to be tlie 
case for two hemocjamns studied by Malkiel and Boyd (25), but with a 
number of systems the a optimum, as mentioned above, has been found to 
correspond to a point m the eqmvaience zone, and in one case to a point in the 
region of antibody' excess It may be that the slowing effect of diminished 
antibody/antigen ratio asserts itself very soon after complete surface covering 
has been effected, and that antibody combimng with a molecule of antigen 
already completely covered is held somewhat more loosely If the process of 
primary combination follows a course mathematically equivalent to an adsorp- 
tion reaction, as is not improbable, this would be expected 

The statement that the process resembles an adsorption reaction is not 
intended to imply anything more than that antigen possesses a number of 
combimng groups per molecule, and any mathematical treatment of such a 
reaction will give results agreeing with one of the vanous adsorption equations 
(17. 24) 

In a number of antibody-antigen systems it is found tliat “equivalent” 
mixtures (mixtures w'hich leave neither antibody nor antigen, or minimal 
traces of both, in the supernatant) may be obtained over a zone in which the 
proportions of reagents vanes shghtly This has been termed the equivalence 
zone (15) Heidelberger and Kendall (15) have suggested that “The breadth 
of the zone in some instances may explain the failure of the ‘optimal propor- 
tions’ method to yield the same end-point when the antigen is diluted as when 
antibod> is diluted, since the equivalence zone would be approached from a 
different side in each instance ” It is clear from the data presented here that 
this IS not the explanation of the difference between the two optima, especially 
since usually one or the other, sometimes both optimal points fall outside the 
equivalence zone 

It IS seen that the difference between the R and H types of antibody can 
only be accounted for on the assumption that the chemical and physical 
properties, or both, of the antibodies have a beanng on their flocculative 
behavior This statement would seem to hold, whether the important dif- 
ferences prove to be differences m solubihty, or as Pappenheimer, Lundgren, 
and Wilhams suggest, vanations in the spatial arrangement, or in the extent 
to which the different combimng groups on any antibody molecule affect each 
other (23) The addition of such assumptions to the lattice theory as it was 
onginallj formulated seems now to be admitted to be necessary even by its 
onginators We can no longer expect to account for the w hole course of the 
preapitin reaction without taking some account of the characteristics of the 
anlibodv molecule itself 

I am indebted to Dr Papjienheimer for sending our laboratorj some of his horse 
anti-ovalbumm serum, and to Dr Pappenheuner and Dr Robinson for the gift of 
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diphthena toxm, rabbit antitoxin, and horse antitoxin Credit is due to my assistant 
Mrs ManyaK Grossman, for able assistance with the technical work 

STTMMABV 

Results of a thorough study of the rates of flocculation of 20 antisera when 
nuxed with their antigens in all proportions are presented The relation 
between the a (constant antibody) and /3 (constant antigen) optima is dis- 
cussed It IS suggested that most of the antisera exammed can be classified 
into two mam types, one of which, the H type gives an optimum by both the 
a and /S procedures, whereas the R type gives an optimum only by the former 
techmque It appears that these differences can only be accounted for by the 
influence of differences in the physical and chemical properties of the vanous 
antibodies 
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The cluck embryo in recent years has been infected with a vanety of bacteria, 
and the reactions to such^nfection have been found to parallel closely in their 
basic features those of the respiective natural diseases in man (1) 

The chono-allantoic membrane of embiyo chicks was first infected with 
gonococci by Morrow and Berry (2) in 1938, and they were able to cure the 
infection with suliamlamide HiU and Pitts also (3) established 15 strains of 
these rmcroorgamsras on the membrane Since then the membranal infection 
has been used more extensively for the study of the relative efficacy of sul 
fanilamide and its derivatives (4) However, the reaction of the cluck em 
bryo to the gonococcus and the adjustment of it to continued growth in this 
environment has not been carefully studied 

We have attempted to do so by study of both membranal inoculation of 10 
day embryos and intra ammotic injection of 14 to 15 day embryos 

Method 

The course of an experimental infection may be followed by making a senes of 
samples from one livmg host, or by the infection of a number of hosts and the sub 
sequent fixation and sectiomng of certain ones Both of these methods were followed 
m the study of the reaction of the cluck embryo to mne different strains of gonococa 

Eight strains of Neisseria gonorrhoeae were isolated from typical cases of acute 
gonorrheal urethritis at Manne Hospital, Baltimore, and Vanderbilt Hospital 
Nasbville They were identified by the followmg characters small smooth glisten 
mg colomes on heated blood agar positive o^dase reaction Gram negative staimng, 
and typical biscuit shaped diplococa One stram was furnished by the American 
Type Culture Association 

The membranes of 10-day old chick embrj'os were exposed accordmg to Good 
pasture and Buddingh s method (5) and infected either by means of a platinum 
wire loop from a 24 hour heated blood agar plate or a drop of sabne suspension of 
gonococci of about 100 000 per cc Cover slips were placed over the opemng and 
sealed with vaseline or the egg shell flap was replaced and sealed with paraffin The 

• FeEow m Mediane of the National Research Council 
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infected eggs were reincubated at 36° Smears and occasionally cultures were made 
wath a platinum \ ire loop Gram stains were done on all smears 

14- to 15-dav old chicks w'ere inoculated intra-amnioticallv w ith 0 1 cc of standard 
saline suspension of gonococci from a 24 to 36 hour heated blood agar plate The 
technique has been described bj Polk, Buddingh, and Goodpasture (6) 

Histological sections were made of representatia e embryos at various stages of 
infection After the amniotic fluid had been smeared and cultured the embryo was 
fi^ced m Zenker’s fluid w ith 10 per cent acetic acid Paraffin blocks w ere made of the 
head, thorax, and abdomen, and the sections were stained routinely with hematoxahn 
and eosm Those sections which showed histological evidence of infection were 
stained for bacteria wath Wright’s stain 

General Ftndi)igs 

Gross Appearance of Membranal Infeciton — The 24 hour infected membrane 
may show little or no clouding, with only a dull sheen everywhere, or the leuco- 
cytic response may be more localized, and small pockets of pus may collect in 
depressions of the membranes The latter type is more apt to occur when the 
membrane is infected by means of a loop, w'hile infection w ith a drop of saline 
suspension commonly yields a more diffuse reaction In the more heavily in- 
fected embryo small hemorrhages may occur throughout and clouding is 
particularly concentrated along the course of the large vessels 
Later, one of three things may happen (1) The infection may completely'' 
disappear, leaving a normal appearing membrane (2) A localized ulcer with 
ragged edges and containing pus in its center may form (3) Finally, the in- 
fection may overw helm the embryo, the vessels becoming thrombosed and the 
membrane almost devoid of circulating blood 
Smear of Membrane — Since the gonococci rarely penetrate deeply into the 
chono-allantoic membrane of 10 day chicks, a day-to-day study of smears from 
the surface of the membrane is a particularly useful method of following the 
infection This is entirely analogous to a study' of urethral smears from human 
cases of gonorrhea 

A leucocy-tic response to the bacteria occurs w ithin 4 hours in some cases and 
is alwaas present within 12 It varies in intensity', as does the number of 
organisms Although some phagocytosis alway's appears, the mayonty of 
organisms are usually not phagoextosed More extensue phagocy'tosis occurs 
m the “localized” infections where almost all the gonococci may be intra- 
cellular 

Lfficl of In nunc Sera on PJ agocytosis — Chicken immune scrum was ob 
tamed b\ the injection of saline suspensions from 4S hour blood plate cultures 
into t o "dult chiclens t ' ice v eelly for 2' months These sera agglutinated 
in 1 160 dilution Introduction of t\ o drops of serum onto the surface of 
membranes iniccted 4 to 24 hours prexiously failed to increase phagocytosis 
aboie that of controls in t\ o evpenments Three controls and three ex-pen- 
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mental embryos were used rn each expenment Clumping of the gonococa 
could however be seen m the smears for several hours after addition of serum 

Progress of the Infedton — The embryo may die within 2 or 3 days, or may 
locahze and eventually throw off the infection When the majontj of organ 
isms are phagocytosed the chances of recovery are very great, and chicks usually 
hatch out normally Avery (7) found that 10 day embryos moculated with one 
strain of N gonorrhoeae on the membrane, occasionally yielded on hatching a 
chick from which the organisms could be recovered by culture of the blood 
dunng the first 1 or 2 days 

Distribution of Injcciion The extent of the infection and the deep reaction 
of the tissues can be studied in histological sections These were made at 12 
hours and at daily inteix als up to 5 daj's The membrane at 24 hours is only 
shghtly thickened there is a sbght exudate consisting of polymorphonuclears 
a few mononuclears and occasionally a httle superficial hemorrhage (Fig 1) 
The ectodermal layer may be reduplicated at scattered points and occasionally 
ulcerated 

By the 2nd day the ulceration of the ectoderm has become more marked and 
the ectoderm itself has thickened The exudate is heavier more plastic (Fig 
2), and contams dumps of organisms some of them phagocytosed by polymor 
phonudears Scattered focal hemorrhages occur deeper in the edematous 
membrane If the membrane has been inoculated with a loop, the necrosis 
and reaction may be concentrated, so that a crater like ulcer is formed (Fig 3) 
by the central destruction of ectoderm and consequent exposure of the meso- 
derm, It IS filled witli cell detntus polymorphonudears and scattered organ 
isms The edges are formed by prohferating ectoderm A rare polymor 
phonuclear cell with organisms may be found in the edematous mesoderm 
At this stage the cmbr> o itself often succumbs apparently due to toxic prod 
ucts from the membranal infection accounting for multiple scattered small 
hemorrhages observed throughout the vanous tissues and organs Bacteria 
are not demonstrable in the embryo 

By the ord day and thereafter the whole structure of the membrane may be 
changed Islands of ectoderm may have been broken off and caught in the 
thickened inflamed mesoderm The destruction of cells is less extensive but 
hemorrhages m the mesoderm arc more common Most remarkable in all of 
these sections is the absence of the gonococa in the deeper portions of the mem 
brane Apparently the mesodermal reaction is due to some diffusible product 
of the bacteria rather than to the presence of the bactena themselves 

Extent and Distribution oflnfeaion tn 24 to 15 Day Embryos — Intra ammotic 
injection of 14 to 15 day embryos exposes a variety of tissues and organs to in 
fection It has been particularly successful in the stud> of the memngococcus, 
whereby septicemia and meningitis were produced (Buddingh and Polk (8)) 
Four strains of gonococci were studied in this way 
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Three of the strains were isolated at the Vanderbilt Hospital and the fourth was 
furnished b\ the Amencan TiT^e Culture Association 

As a rule Imng infected embryos were killed and fixed for histological stud\ 24 
and 48 hours and occasionally 72 hours after inoculation About equal numbers of 
each stram w ere studied Cultures of amniotic fluid and heart blood w ere taken at 
this time from 28 of 41 embrv os studied in this manner 

The results are summanzed in Table I 

All of the amniotic cultures were strongly positive The positive blood cul- 
tures show ed 6 to 8 colonies per drop 

Of the 41 embrjms studied histologically only 14 show'ed a reaction to infec- 
tion Pneumonitis and bronchitis (Fig 4) were most common but in no case 
was there complete occlusion of the bronchi by exudate nor was a widespread 
pneumonitis present (Fig 8) Sinusitis and infection of the thoracic and ab- 


TABLE I 

Heart’s Blood Cultures 


Strain ' 

No of cultures 

No positive 

L B 

4 

0 

L B 

8 

3 

After IS chono-allantoic 



membrane passages 



A W 


0 

E M 

6 1 

0 


dominal air sacs were also common (Fig 5) The latter presumably repre- 
sented a direct extension from the pneumonitis 

In onh one embrjo was a purulent meningitis observed (Fig 7) This em- 
biym had a positive blood culture The meninges were thickened by a diffuse 
exudate made up chiefl> of polymorphonuclears Cocci were scattered 
throughout the exudate (Fig 6) but only occasional ones were phagocytosed 
bj polj-morphonuclears 

V-iridcncc 

Bacteremia and memngitis occurred onI> in infection with the strain of 
gonococa which had been “modified” by passage on the chono-allantoic mem- 
brane This immediately raises the question of a possible change in “xiru- 
lence ” The early bactenologists who worked with gonococci were vont to 
test the speaficity of their cultures by inoculation in human beings In this 
way four investigators found that the gonococci preserved their pathogenicity 
ov er a number of transfers in appropriate artificial media Bumm (9) produced 
urcthntis with the 20th generation, ^nfuso (10) with the 7th, and Wertheim 
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(11) after 27 days of culture Finger tl al (12) had studied one strain which 
maintained its virulence after more than 4 months of artifiaal culti\ation 

Early m our work on drug therapy of membranal infection (4) it was found 
that strams of orgamsms inoculated m similar doses varied in their ability to 
h\ e and multiply on the membrane This is not dependent solely on previous 
duration of growth on artifiaal media, for one strain when placed on the mera 
brane immediately after cultivation from the urethral dis^rge failed to kill 
the embryo, and persisted in smears and cultures for only 3 to 4 days The 
type strain of N gonorrhoeae, isolated in 1937, furnished by the American Type 
Culture Association, could be recovered from the membrane after 2 or 3 days 
incubation 

That virulence or killing power may vary with adjustment to continued 
growth on the membrane is shown by Table II The percentage of 10 day 
erabiyos killed within 3 days after membranal inoculation is taken as a measure 
of the virulence The stram of gonococcus used m this e^nment, on isola 


TABLE n 


Membmte transfer 

Ko of embryos loocoltldi 

No dead is 3 days 

PercenUfc dead 

0 

IS 

4 

27 

14-16 

12 

5 

42 

17-26 

28 

23 

82 

31-35 

8 

8 

100 


tion from the human cases failed to kill 10 day embryos It had been grown 
on blood plates for about a month before serial chick passage was undertaken 
It was then transferred from membrane to membrane at 2 day intervals with 
only an occasional blood plate transfer 

Smce it is kno^vn that the gonococcus can be gradually adapted to adverse 
conditions, this may well represent an adaptation to the embryo, and death 
may have been caused by increased capacity for rapid multiphcation rather 
than any change m toxiaty or mvasiveness 
With this change it was noted that the colonies obtained by culture of the 
17th membranal passage had become very sticky so that they were bird to 
suspend in saUne Smears showed an abnormal amount of mucoid material 
Capsular material could not be demonstrated by Hiss s method This change 
m the gonococcus is also demonstrable in the older embryos inoculated intra 
ammotically as seen m Table III 

Strain L B killed a greater number of embryos m less time after it had be 
come adjusted to the embryo This difference is probably not sigmficant in 
itself but agrees with the other data 

Embryos inoculated mtra ammotically frequently recovered from the m 
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fection by the 2nd day, and later hatched This may be partially due to the 
development of conditions unfavorable for the gonococci The sudden release 
of albumin into the amnion which takes place follov ing the rupture of the sero- 
amniotic junction (Text-fig 1) on the 14th day (13) may make the ammotic 
fluid less favorable for the growth of gonococci This is in keeping w ith the 
failure of gonococa to multiply in the albumin of infertile eggs, while they ap- 


TABLE m 


Strain 

Time of culture on artificial 
media 

Ace of 
embrjo ' 

No IDOCU 
lated 

No dead 

Mortalit} 

Type L B 

4 jrs 

1 

14 

12 

1 

4 (3 da> s) 



1-2 w ks 

14 

20 

5 (2 days) 


1 

After 15 membranal 

14 

30 

13 (IShrs) 


A W 

transfers 

2 mos 

IS 

13 

3 (2 days) 


E M 

2 dajs 

13 

I 

5 (1 daj) 




Tevt-Fig 1 Diagram of 14 daj chick showing ammotic caMl>, and scro amniotic 
junction Made from cmbr\ o hardened i/i s:lit b\ boiling 


parentU are able to multipU in the j oik (14) Attempts to grow gonococci in 
unheated ammotic fluid of 10, 12, and 15 da> embrj'os were unsuccessful 

Comparison until Meningococci 

SasceptibiliU of the chick embrjo to expenmental infection b> both men- 
mcococa fS, 15) and gonococci bnngs out certain interesting difTercnces bc- 
t. ecn these l o closeh rebted organisms 
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1 The nuemiigococcus kills susceptible embryos quickly but the gonococcus is 
often not fatal even to 10 day embr>os 

2 Meningococci usually invade the membrane of lO-day old chicks, localize on the 
endothehum of blood vessels and spread from there to the embryo itself Gonococa 
rarely penetrate the 10 day membrane and thus rarely spread to the embryo 

3 Meningococci introduced intia anmiotically mto 14 to 15 day embrjos produce 
septicemia and often meningitis Gonococa only occasionally gam the blood stream 
m small numbers, and meningitis is rare 

These differences in biological behavior thus correspond to the differences in 
disease-produang qualities of the two organisms in the human host 


Pathology of Aciite Ureiknhs 

Little has been added to our knowledge of the pathology of acute gonorrheal 
urethntis smce the classical work of Finger, Ghon, and Schlagenhaufer m 1894 
(12) They moculated three convicts mtra urethrally with pure cultures of 
gonococa 2 and 3 days before execution and then obtained sections of the 
urethra At first the gonococa occurred m scattered groups over the epithe 
hum, particularly in the lacunae They penetrated the connective tissue only 
where the epithelial layer was absent Leucoc> tes pushed through the epithe 
lial layer and engulfed an occasional gonococcus Bj 3 da> s there were a mas 
sive inflammation and a great number of gonococa, most of which were 
phagocytosed Many others were found in rows between the columnar 
epithelial cells of the pars pendula and also around the desquamated squamous 
cells of the thickened epithelial layer They did not penetrate deeper into the 
tissues Otherwise the process was entirely simibr to any acute infection 

Study of a case (V 28 76) of gonorrheal urethntis at the Vanderbilt Hospital 
of 3 weeks duration revealed essentially the same findings Smears had been 
found positiv e 2 days before the patient^s accidental death Bacteria w ere easilj 
demonstrable scattered between the epithelial cells and m the leucocytic exu 
date (Wright’s and Gram’s stains) However the> were also found clumped 
together in columnar epithelial cells A slight vacuole surrounded the bacteria 
and separated them from the cytoplasm of the cell We have been unable to 
demonstrate gonococci withm the epithelial cells of the chick embryo 

The infection of the chono allantoic membrane of the 10 day chick repro 
duces all of the essential characteristics of acute urethntis m man Following 
the imtial multiphcation and spread of bactena on the surface of the mem 
brane there are a leucocytic exudate, a desquamation of epithelium (Fig 9) 
and later phagocytosis which may be partial or complete A thickemng of 
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the squamous ectoderm, and a deep inflammation in the mesoderm in the pres- 
ence of few or no bactena are charactenstic 

Infection of the ammotic cavity allows the bacteria to spread to the embryo, 
occasionally to produce bacteremia and meningitis 

SUMMARY 

1 The reaction of the chick embryo to nine strains of gonococci w as studied 
Four of these were inoculated intra-amniotically m 14 to 15 day embryos 

2 Infection of the 10 day chono-allantoic membrane w'as localized and ac- 
companied by poljnnorphonuclear leucocytic phagocytosis 

3 Infection was either transitory or persisted until hatching Several 
strains killed the 10 day embryo m 3 days 

4 Chicken immune sera placed on the infected membranes failed to afi'ect 
phagocytosis 

5 Slight sinusitis, bronchitis, and infection of the pulmonary alveoli were 
common following intra-amniotic injection of 14 to 15 day embryos Infection 
also extended to the pulmonary and abdominal air sacs 

6 Senal passage on the membrane so modified one strain that it killed a 
greater percentage of both 10 day and 14 day embryos The infection after 
modification was also accompanied by bacteremia and memngitis in one 
embryo 

7 The abihty of meningococci to invade tissue and produce septicemia is 
contrasted with the inability of gonococci to produce more than a superficial 
infection 

8 The infection of the embryo with gonococci reproduces all of the essential 
characteristics of the disease in man 

9 Gonococci were found within columnar epithelial cells in a case of acute 
human urethntis 
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EXPLANATION OF PLATES 
Plate 16 

Fig 1 24 hour infection of chono-allantoic membrane Note slight ulceration 
Hematoxyhn and eosin X 225 

Fig 2 Section from border of 5-day old infection of chono allantoic membrane 
Note plastic exudate Hematoxylin and eosm X 120 

Fig 3 48 hour infection of chono allantoic membrane Ulcer follow ed inocula- 
tion with bactenal loop Note hyperplasia of ectoderm Hematoxylin and 
eosm X 36 

Fig 4 Lung of 14 day chick embryo inoculated intra-amniotically Infection is 
72 hours old Note exudate in air sac at i4, in bronchus at B, and m alveoli at C 
Wnght’s stain X 36 
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PLATE 16 



(Bang Gonococcus infection of chicL embrjo) 



Plate 17 


Fig S Enlargement of Fig 4 Exudate m air sac Wnght’s stain X 600 
Fig 6 Enlargement of Fig 7 Arrow points to diplococci Wnght’s stain 
X 2000 

Fig 7 Meningitis in 14 da> embiwo infected intra amnioticalK Infection 72 
hours old Wnght’s stain X 250 

Fig 8 48 hour infection of 14-daj old chick inoculated intra amniotically Arrows 
point to dumps of bacteria in alveoli Wnght’s stain X 2000 

Fig 9 Detail of Fig 3 48 hour infection of chono allantoic membrane Note 

ulceration of thickened ectoderm Pol\ morphonuclcars arc seen penetrating the 
ectoderm Hematoxalin and cosin X 1600 
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TRANSPLANTABLE EPITHELIOMAS OF THE LIP AND MOUTH 
OF CATFISH* 

I Pathology Transplantation to Anterior Chamber op Eye and 
INTO Cornea 
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The Moms Biological Farm of the TTw^ar Institute, Philadelphia) 

Plates 18 to 22 

(Received for publication, July 2, 1941) 

Among the neoplasms of the lower animals special interest is attached to 
those which have their counterpart in man and which lend themselves to expen 
mental study One such tumor is an epithelioma of the Up and mouth m the 
catfish {Ameitirtis nehulosus) Like cancer of the hp in man it is of common 
occurrence, — ^at least in the region about Philadelphia — and hence easily 
available Despite their high incidence we have been unable to find any 
record of these tumors in the Uterature There has been observed, however, 
an epithehoma of the mouth m another species of catfish (1), and epithebomas 
of the hp have been reported m several widely different species of both fresh 
water and salt water fishes (2-7) Since the hterature on neoplasms m fish 
will be fully reviewed elsewhere no further details need to be gi\ en here 
The present paper deals m the first part, with the appearance and the be 
havior of the naturally occurring tumors, and with the relation of blood vessels 
to their development The exposed position of the tumors and the ease with 
which catfish adapt themselves to laboratory conditions make possible pro- 
longed study of the naturally occurrmg neoplasms, particularly with respect 
to their mception and course An advantage, in this connection is the fact 
that m the catfish neither the normal nor the neoplastic oral mucosa undergoes 
keratmization, hence these epitheliomas are relatively translucent There is 
thus afforded an opportunity to investigate the relation of the blood vessels 
to the inception and the progress of the cancer 
The second part is concerned with the results of transplantation of the 
tumor into the anterior chamber of the same and of other species, and with 
transplantation between the layers of the cornea 
Experimentally, the epitheliomas arc readily transplantable into the anterior 

• This study has been aided by a grant from the International Cancer Research 
Foundation 
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chamber and — ^by takmg advantage of an anatomic peculiarity (8) — bctw ecn 
the two layers of the cornea In these locations the grow th of the tumor trans- 
plants may be followed by direct microscopic exammation These experiments 
extend to a new’ material our studies on neoplastic growth (9) 

Material and Methods 

Dunng the past two years 166 hve, tumor-bearmg catfish were received m this 
laboratory Most of them came from the Delaware and Schuylkill nvers in or near 
Philadelphia * The fish were usually taken in nets and owing to injuries acquired 
dunng capture and transportation the mortality was high Nearly one-half of the 
fish died within a few weeks after their dehvery to the laboratory A considerable 
number, however, were maintained m good condition for penods up to 9 months 
They w ere kept individually or in groups of 3 or 4 in large aquana, some in standing 
water which was replaced infrequently, others in tanks m which there was a con 
tinuous flow of fresh water On the whole, aquana with standing water proved more 
suitable Food, consistmg of earthworms and shredded liver, was offered at weekly 
intervals, but was often refused The colon} was inspected daily and fish showing 
signs of sickness were promptlj removed and sacnficed 

The course of the tumors was followed by penodic examination supplemented by 
photographs For this purpose, as well as for operations, the fish were wrapped in 
wet towels (leaving the ejes and the mouth exposed) and fastened to an examining 
board Removal from the water was tolerated for penods of hours without apparent 
injury to the fish 

Much information was gained from examination of the living tumor, through the 
sht lamp microscope or modifications of this instrument It thus became possible 
to observe directly the vascular pattern and the earliest stages of the new growth 
The translucenc}' of the oral mucosa and of the tumors was enhanced b> the ap- 
plication of a few drops of gl>cenn The blood vessels were brought into sharp 
relief by passing the beam of light through a green filter 

For transplanting tumor into the antenor chamber of the same and of alien species 
the technique employed was the same described in carher papers (9) It should be 
noted how ever that the cornea of catfish has certain important peculiarities Whereas 
in most vertebrates the transparent structures which compose the cornea arc firmly 
fu'ed and not readily separable, in catfish and certain other fish the cornea is readily 
separable into two layers (8) Of these, the inner layer is continuous with the sclera, 
and the outer with the skin Beta cen these two distinct and rather dense layers lies 
loose distensible areolar tissue In making an opcrativ e incision at the sdcrocomeal 


‘ Manv of the tumor-beanng fish and several hundred normal fish which v ere 
used for experimental purposes have been furnished us through the 1 indness of Mr 
C R Duller, Chief Fish Cultunst of the State Fish Hatchery, at Bellcfont, Penn'-yl 
vama, John J \\ opart, Jr , Supenntendent of the State Fish Hatchery at Torre;daIc, 
Pennsy Iv ania, and Dr Robert 0 ^ anDcusen, Director of the Philadelphia Aquanum, 
We wish to express our grateful apprcaation to these gentlemen for the aid and 
advnee given 
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junction, the blade of the knife readily passes through the outer comeal layer and may 
then easily be deflected mto the subjacent loose connecuve tissue forming a small 
pocket Within the cornea 

The structural pecuhanty of the catfish cornea thus allows us to introduce trans 
plants between the layers of the cornea mstead of mto the anterior chamber as has 
been done m previous experiments This constitutes a new method for transplanting 
tumors and has the advantage that the mtraojmeal tumor fragments are at once 
fastened in place by the tissue so that they cannot float as often happens m the 
anterior chamber, thus natural conditions are more closely approximated 

As in previous studies the fate of the transplanted tumors was obser\ ed by direct 
microscopic examination (9) The observations of the living tumors whether 
naturally occumng or transplanted, were supplemented by the study of histologic 
sections prepared from tissues fixed m Susa or formalm solutions embedded cither m 
celloidin or paraffin and stained with hematoxyhn eosm or with Masson’s tnehrome 
mLxture 

In the animals which were sacrificed, the internal organs were carefully inspected 
for evidence of disease and the existence of metastases 

Description oj tlie Naturally Occurring Tumors 
The tumors usually occur as large fleshy, protruding masses on the bps or 
the adjacent dental plates,* less often they involve other parts of the mouth or 
the skin Thus m 166 tumor bearing animals the bps and dental plates were 
the sites of the new growths in 160 In this group, additional tumors were 
noted, m the oral ca\ ity (at some distance from the labial tumors) m 10 animals 
on the barbels m 7 the head in 29 and elsewhere on the body m S animals In 
a smaller group of 6 animals bps or dental plates were not affected, and the 
tumors, usually of large size, occurred on the head 
All of the neoplasms are similar in structure and take their ongm from the 
labial, or oral mucosa, or from the skin which m catfish has the character of a 
mucosal surface The tumors m the different locations may be regarded as 
expressions of the same neoplastic disease 
Appearance and Distribution of Tumors of the Lip and Dental Plates — ^The 
appearance of representative tumors is shown in Figs 1 to 5 Their surface is 
usually smooth (Fig 1) or coarsely nodular (Fig 3) Their shape vanes, 
some are round or oval, others form flattened tubular masses All arise from 
a broad base which merges into the surrounding tissue The tumors contrast 
sharply with the much paler mucosa by their reddish color Their consistency 
IS firm resilient or even rubbery There is no tendency to undergo ulceration, 
although superficial abrasions are commonly seen Most of the tumors meas 

The denUl plates of catfish lie m immediate contact with the bps They are flat 
ndges sbghtly elevated above the remainder of the oral mucosa which covers them 
They support multiple rows of tiny pnmitive teeth which barely project through the 
mucosal surface 
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ure from 1 to 1 5 cm m their greatest diameters, but some tumors are so massive 
(3 cm or more) as to prevent closure of the mouth The cut surfaces are 
moderately bloody, and m most tumors soon become covered with a sticky 
oozing mucus The stroma is inconspicuous and usually cannot be recognized 
clearly with the unaided eye There is no sharply defined boundary at the 
base of the tumors, although extensive downward invasion is uncommon 
In our series the catfish tumor was solitary in 57 of the animals, two tumors 
were present in 39, and more than tw’o tumors in 64 
The distribution of the tumors is summarized in Table I It is seen that the 
lower lip or dental plate is somewhat more frequently affected than the upper 
hp or dental plate, and that in approximatelj’’ one-half of the cases, both lips 
or dental plates are involved The tumors have no favored site on these 
structures, and affect the different regions with approximately equal frequency 
Of the animals havmg tumors on both lips or dental plates 53 (t c 60 per 
cent) have the tumor in direct apposition Thus m Fig 2 is shown a massive 


TABLE I 

Duinbutton of Tumors on Lips or Dental Plates 


Regional dutribution of tumors 

Apposition tumors 


No of 
animals 

Per 

cent 

Upper hp or dental plate onlj 

30 

18 1 

Of 89 animals havmg tumors of 

Lower bp or dental plate onI> 

41 

24 7 

both bps or dental plates S3 

Both bps or dental plates 

89 

53 6 

(j e , 60 per cent) have the tumors 

Neither bp involved 

1 6 

3 6 

m apposition 


primary tumor on the lower lip in apposition to a much smaller secondarj 
grow th, m Fig 3 the lower hp is seen to be the site of two tumors, one on each 
lateral half, and opposite each, smaller tumors have developed We shall 
rexert to such appositional tumors, the development of which x\e have been 
able to observe repeatedly 

HislopatJwlogical Sirudtire — ^The tumors consist of closely packed masses 
of epithelial cells supported by a delicate but richly vascular stroma (Fig 6) 
The majorit} of the cells are columnar or polyhedral and have abundant cyto- 
plasm The nucleus is vesicular and contains one or two prominent nucleoli 
(Fig 7) Mitoses are uncommon, but cells with two or more nuclei are fre- 
quentlj seen No cytoplasmic or nuclear mclusions are present The grow th 
IS obMOUsh an epithelioma 

The cells are irregularly arranged In the more central parts of the crow dcd 
cell nests, structures resembling epithelial “pearls” are occasionally seen 
How e\ er, keratimzation docs not take place In contrast to the normal mu- 
cosa, claxate cells are absent from most of the tumors and sense organs arc 
nexer seen Clusters of mucus-contaimng cells are found in many tumors, 
they are usuallx packed in the central areas of the cell masses 
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At first most of the tumors grow in an outward direction and show Jittle 
sign of invasion later, broad pegs of tumor cells commonly push deeply 
into the subjacent tissues, frequently extending to the bony structures these 
masses of tumor cells m most areas, have a well preserved basement mem 
brane However, as the tumors become larger they become more and more 
imasive, and extend as flame shaped processes into the stroma (Fig 8) The 
cells now become larger, their stainmg qualities alter and they lose their com 
pact arrangement (Fig 9) When this stage has been reached, strands of cells 
are not infrequently found to have pushed into vessels, where they form emboli 
(Figs 10 to 12) 

The stroma of the tumor is scanty, but is well supphed with vessels which 
usually are widely and irregularly dilated and have thin, capillary like walls 
In man> tumors there is a scattering of small round cells, probablj lympho- 
c^tes, such collections are most prominent m the basal parts of the growths 

Appearance and Distribnhon of Tumors tn Oral Mucosa and on Sktn — ^These 
tumors have the same general character as those on the hp An exception, is 
the almost black appearance of some cutaneous tumors (Fig 5), the color of 
which is due to an abundance of pigment cells m the supporting stroma 

Nearly all of the growths occur at no great distance from the bps te on the 
oral mucosa at the base of the barbels or on different parts of the head Most 
of the growths are discrete, but some are obviously extensions from the prunary 
tumors of the lips or dental plates The tumors m the oral cavity are the most 
mterestmg In all but one animal they were located on the floor of the mouth 
(Fig 4), and at some distance from the lips Since the hp tumors are often 
deeply mvasive, penetratmg into vessels and forming emboh the question 
arises whether the growths of the oral mucosa or skm are metastatic m origin 
It 15 quite possible that those m the mouth cavit> are, but we do not believe, 
at present, that any of the cutaneous tumors have arisen by metastatic dis 
semination of tumor cells Rather, we regard them as independent of the 
tumors of the bps This view is based upon the occurrence of large cutaneous 
tumors in 5 animals which had no other tumors The dose similarity of the 
catfish skin to the mucous membrane of the mouths makes it seem likely that 
the same tumor produemg agent can lead to the development in both skin 
and mucous membrane, of similar types of new growths Secondary tumors 
in the mternal organs have not yet been observed 

Inctdefice Geographical Disinbulton, and Seasonal Vanatton — ^Fishermen of 
experience who have furnished us most of the tumor bearing fish have esti 
mated their incidence at approximately one in 300 to 500 catfish taken from 
the Delaware or Schuylkill rivers, in or near Philadelphia A closer estimation 
of the incidence is difficult because tumor bearing catfish appear to be abundant 
in certain streams and pools and absent in others No information is as yet 
available as to the geographic distribution Seasonal variations in incidence 
and m character of tumor have not been observed 
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Size, Condition, and Sex — All of the tumor-bearing catfish uere ^\cllgro\^n 
and measured betM een 25 and 35 cm No tumors m ere found in small, that is 
to saj'' young, fish Most of the tumor-bearing fish u ere m good condition and 
showed no other signs of disease An exception \\ ere fish m ith massive grow ths 
which prevented closure of the mouth these fish usually were emaciated Of 
50 fish in which sex was determined by examination of the gonads 23 were 
males and 27 females, hence the factor of sex appears to play no part in this 
neoplastic disease 

Course of the Tumors Relation of Blood Vessels to the Development of Tumors 

In Table IT are summarized the records of observations on the course of 
tumors in 15 catfish w’hich w ere studied for periods of from 6 to 36 weeks It 
IS seen that the rate of grow th of the tumors was relatively slow’ A repre- 
sentative example is the first tumor on the list which during 20 weeks increased 
only from 15 X 6 mm to 18 X 8 mm , in its tw o greatest horizontal diameters 
Indeed, in several of the tumors no significant change in size was noted during 
periods of approximately 3 months There were, however, tumors which grew 
rapidly Tw o examples are shown in Text-fig 1 In one of these, the tumors 
more than doubled in size within a month (upper figure), m the other they 
became massive w ithin 10 w'eeks 

The figures also illustrate the development of appositional tumors In 5 
of the IS catfish of this series, and in a much larger number which died m less 
than 6 w eeks, w e w ere able to w atch the beginning and the further development 
of new tumors, all of them in apposition to established tumors 

The earliest visible evidence of neoplastic change was the establishment of a more 
or less arcumsenbed patch of intense hyperemia on the mucosa At this time the 
mucosal surface was cntirel> smooth and showed no sign of proliferation Within 
approximate^ 2 weeks the hj’peremic mucosa began to thicken, and became slight!} 
elevated Withm 1 or 2 months, the local thickening had progressed to the formation 
of a definite nodular or flattened growth 

Direct microscopic examination permitted more detailed study of the vascular 
phenomena and brought out the fact that profound alterations of the blood vessels 
accompanj the development of the epithelioma At present, our earliest microscopic 
observaUons have extended onlj to the stage m vhich epithelial proliferation has 
begun, i e , after the tissue has been hyperemic for a week or so The vessels were 
markedl> dilated and formed irregular, wide meshed anastomosing nets in contrast 
to the uniform, small capillary loops of the adjacent normal mucosa (Figs 13 and 14) 
The caliber of the vessels in the neoplastic zone vaned greatly , some channels v ere 
dibtcd, bulbous, and had a sinusoidal character while thtir continuations were con 
tracted, manv of the prohferating veascis had coarse walls, others appeared unduly 
dehcate In spite of the abnormahtv of the vessels, blood v as seen to flov through 
them swiftly , as was indicated bv the rapid passage of the erythrocy tes The atypical 
appearance of the vascular pattern persisted as the tumors became fully dev eloped 
(Figs 15 and 16) 



TABLE n 
Course of the Tumors 

This table summarizes records of observations on 15 tumor bearing fish p.hich ha\e been 
kept for at least 6 weeks Sizes at the beginning and at the end of the penods of observation 
are given m millimeters and refer to the two greatest horizontal diameters \crUcal diameters 
are omitted because of the difficult> of measunng accurately the depth of the tumors 


Deslgst 
tlOQ of 
tumor 

Duration 
of obter 
vatton 

Courie 

1 

vkt 

20 

Solitary tumor on lower hp 15X6 slowly increased to mass measuring 

14 ' 

22 

18 X 8 mm 

Apposition tumors on upper hp 10 X 10 on lower hp 5 X 5 The 

1 

37 

10 

larger tumor mcreased to IS X 10 the smaller remamed stationarj 
4nen tumors each2X3 appeared on the upper dental plate 

Two tumors on upper hp and dental plate one IS X 10 the other 7X5 

108 1 

1 

36 1 

In apposition to larger tumor is a growth 9X5 The tumors on 
upper hp grew to 20 X IS and 15 X 10 respectively the apposition 
tumor to 20 X 15 A new tumor developed m apposition to the 
smaller mass on upper dental plate and attamed a size of 10 X 10 
Tumor on upper hp and dental plate 20 X 12 mm in apposition a tumor 

no ' 

19 

12 X 5 Laterally to each of the original lesions new apposition 
tumors developed during the 5th month of observation these in 
creased slov, 1> attammg a site of 5 X 5 

Solitary tumor on lower dental plate and bp Ko definite changes m 

116 

12 ' 

site no new tumors developed 

Two tumors on loner hp and adjacent dental plate each 12 X 10 

118 

17 

which increased only shghtly in site In apposition to one of these 
n as a small tumor which grew from 2 X 2 to 8 X 4 mm 

Two apposition tumors in comer of hp 12 X I0and6X4 respecUvelj 

123 1 

6 

In addition two tumors on floor of mouth 15 X 10 and 8X4 respec 
ti\ ely No definite change m size 

Sohtary tumor on upper hp 12 X 10 Within 3 wks after the begm 

129 

! 

9 

nmg of observations a new tumor developed m apposition attaining 
a size of 3 X 2 

Solitary tumor on dental plate 11 X 8 nhich remained stationary 

1 

130 

1 9 

In apposition to it a new tumor developed nhich slowly increased 
to3 X 2 

Two tumors each 9 X 9 on upper hp and dental plate in apposition 

133 

1 

13 

to one of these nas a tumor 11 X 10 on lower dental plate No 
significant change 

Very large confluent tumors, 25 X 10 which rnvoh ed almost the enUre 

134 

13 

upper hp and dental plate these mcreased slightl> In apposition 
was a mass 17 X 10 which did not undergo sigmficant changes 

Very large tumor 27 X 10 on upper dental plate which progressed 

137 

12 

slowly In apposition were 2 smaller tumors, one of which grew from 
2X2to7X3mm the other remained statiooar> 

Large tumor 17 X 10 on upper hp and dental plate which was in ap- 

141 

10 

position to a smaller growth 9X8 Neither tumor changed sig 
mficantlj 

Sohtary tumor on lower hp and dental plate, 10X8 No definite change 

144 

i a 

m size 

' Tumor on lower hp and dental plate 13 X 6 m apposition was a growth 


11X9 Both remained undianged 
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Our studies on the relation of blood vessels to the development of the epi- 
thehoma are mcomplete, and are being continued Here, all we w ish to empha- 
size IS that neoplastic gro\^ th was preceded b\ a \ ascular reaction and that the 
blood vessels in the tumor were atj-pical The possible significance of these 
phenomena will be briefly discussed 

Interprelation of Vascular F/ienomciia — The relation of blood vessels to 
tumor grow th has been im estigated by a number of students of cancer, usually 
by means of injection preparations (10 - 13) A remarkably complete study 




Text-Fig 1 Course of established tumors and development of new tumors in 
apposition with the pnmary growths The upper pair of drawings is from an animal 
not included in Table U, the lower pair is from catfish 37 of the table In each draw- 
ing the single curved hnes represent the outer contour of the lips, and the stippled 
band the adjacent dental plates 

of this Lind is that of Thiersch (10), who through injections of numerous 
human skin cancers recognized that the vascularity of the early tumor is greatly 
increased o\ er that of normal skin Later Boll (11) took up this problem and 
“from a study of early epitheliomas and of the grow ing edges of such tumors 
concluded that changes in the blood \ essels determined the proliferation of the 
epithelium ” Goldmann (12) in experimental tumors also found profound 
vascular reactions at the very beginning of epithelial proliferations In these 
and similar investigations Imng tumors have not been used In a recent 
paper Ide, Bal er, and \\ arren (14) studied the v ascularization of transplants 
of rabbit epithelioma as seen m the transparent rabbit ear chamber 
None of these studies has elucidated the nature of the relation between 
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increased blood supply and neoplastic growth (15) The catfish epithelioma 
appears to be favorable material for such an investigation m the hvmg animal 

TrattspIatUatton of the Epithelioma of the Lip 
The experiments on transplantation fall into 5 groups m which a total of 148 
animals were used In the first group, small bits of the epithehomas were 
implanted mto the anterior chamber of the eye of the tumor bearmg animals 
themselves In the second group, the tumor was put into the anterior chamber 
of two different species of fish, and in the third, mto the anterior chamber of 
leopard frogs Groups 4 and 5 deal with autotransplants and homotransplants 
between the layers of the cornea 

The arrangement and general results of the experiments are summarized 
m Table III They will now be taken up m order 


TABLE m 

Summary of Transptanlaiuni Expenments of Calfsh Eptthdtoma 


Sptcies of redpitnt AOlffl&l 

No of turaon 
iruspUated , 

No of 
aousals 

Resdlts 

Catfish 

(autotransplants mto an 
tenor chamber) 1 

14 1 

14 

Progressive growth of transplants 
in 10 of the anusals 

Goldfish sunfish 
(heterotransplants mto an 
tenor chamber) 

6 

38 

No growth Transplants remained 
translucent for several weeks 
then regressed 

Leopard frogs 
(heterotransplants mto an 
tenor chamber) ! 

6 

47 

No growth Prompt exudation 
around transplants which soon 
became opaque and rapidly re 
gressed 

Catfish 

(autotransplants mto cornea) 

7 

7 

Progressive growth of transplants 
m 6 of the anunals 

Catfish 

(homotransplan tsmtocomea) 

i ^ 

42 

Progressive growth of transplants 
in 4 of the experiments 


AiUolransplantalxon into Anterior Chamber of the Eye — In a series of 14 
animals, 10 show ed progressive growth of the transplant Usually attachment 
occurred within a week and by the end of the 2nd week vascularization had 
begun The pattern of growth was relatively simple Durmg the 2nd or 3rd 
week, proliferating cells spread from the tumor fragment to the under surface 
of the cornea forming broad membranes (Fig 17) which gradually thickened 
and acquired a delicate vascular stroma If vascularization occurred early 
the mam mass of the transplant remained viable and gradually increased m 
size Growth contmued in this manner until by the end of the 2nd month the 
anterior chamber was filled with a compact, well vascularized mass of tumor 
tissue (Fig 18) Thereafter the growth became stationary and then slowly 
regressed 

Occasionally, the growmg tumor mvaded the iris (Fig 19) In 3 cases it 
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extended into the loose scar tissue of the operative wound at the sclerocorncal 
junction, forming a mass which protruded beyond the cornea In one case the 
transplant passed into the posterior chamber w'here it grew well In several 
instances strands of tumor tissue grew over the anterior surface of the lens 
where they could be seen as delicate white fibers Vascularization in this 
region is late and these outgrow ths soon regressed 

Eelerolraiisplaiiialton -into the Anterior Chamber of the Eye — Repeated at- 
tempts to transplant the catfish epithelioma into the anterior chamber of alien 
species of fish, or to frogs w ere unsuccessful (Table HI) Interesting differ- 
ences, however, were noted in the local reaction of the recipients to the foreign 
tumor, and in the fate of the latter In goldfish or sunfish, implantation of tlie 
catfish tumor led to no exudative reaction, and the aqueous humor remamed 
clear The fragments of transplanted tumor remamed translucent and appar- 
ently survived for as long as 4 weeks, they then gradually became opaque, and 
within 8 weeks regressed completely 

On the contrary when transplanted to members of another class, the leopard 
frogs, an abundant leucocytic exudate promptly formed around the transplant 
The exudate was sharply localized and the aqueous humor remained clear 
Regression was usually very prompt and the transplants were resorbed entirely 
within 3 weeks 

Transplantation between the Two Layers of the Cornea — ^The results of auto- 
transplantation and homotransplantation were similar in this series (Table HI) 
In both groups transplants from one of the tumors rapidly regressed In the 
remamder, progressive growth occurred, in 6 of the 7 autotransplants, and in 
64 per cent of five tumors inoculated into non-tumor-bearmg catfish 

There was no significant exudation of cells follow mg the implantation of the 
tumor fragments The cornea m all animals remained clear and translucent 
The transplants were at once firm!} fixed in place through the mechanical 
factor of tissue tension We were now able to observe the influence on the 
pattern of growth when the tumor is placed in a tissue rather than m space 
filled with fluid, as is the case in the anterior chamber 

A notable difference was the more prompt fibrous attacliment and vascu- 
larization of the corneal transplants More striking was the difference m the 
mode of growth There were no broad surfaces of contact within the cornea 
o\er which the outgrowth could spread m one plane Rather the transplants 
grew expansn ely bj’ proliferation of cells throughout the mass Room for the 
growing tumor was achie\ed bj further splitting of the corneal layers which 
became \ idely separated, one from the other The growing margin of the 
tumor was usuall> quite smooth, here and there, howe\er, projections extended 
out! ard, creeping into the clefts between the layers of the cornea, but this was 
nerer extensne (Figs 20 and 21) Kone of the tumors eroded through cither 
of the corneal lajers (Fig 22) 
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The rate of growth was approximatelj the same as in the anterior chamber 
Withm less than 2 months after implantation a compact mass of tumor greatly 
distended the cornea (Figs 23 to 28) pusbmg its outer layer forward With 
ma x i m al distention of the cornea, growth became slow or ceased entirely, but 
no evidence of regression was noted during the 3 months period of observations 

SUMMARY 

The catfish (Ametunis nebttlostis) taken from streams near Philadelphia, is 
commonly afflicted with an epithelial tumor bearmg some resemblance to 
epithelioma of the hp in man This neoplasm usually occurs as sohtary or 
multiple, large, red, fleshy masses upon the lips or dental plates and by reason 
of Its size, may prevent closure of the mouth The tumor is comprised of 
epithelial cells, often m papillary arrangement, supported by a dehcate vascu 
lanzed connective tissue stroma The larger growths frequently mvade 
adjacent normal tissues and force their way into vessels where they are found 
as emboli The clinical course of the tumor is one of relatively slow but pro 
gressive growth 

This neoplasm has been observ ed from the time of its mception m a number 
of ammals Thus it has been learned that the proliferative stage of the neo- 
plastic process is preceded and accompanied by a striking vascular reaction 
Intense hyperemia mvariabl> occurs m that region of the mucosal surface 
which later becomes the site of neoplastic proliferation Furthermore, by 
direct nuCTOscopic observation of the living tumors the atypical structure and 
arrangement of the blood vessels become apparent A stud> of the significance 
of these vascular phenomena in their relation to the inception and growth of 
the tumor is now in progress 

It has been found possible to transmit the catfish tumor to fish of the same 
speaes by implantmg fragments of the tumor mto the anterior chamber of the 
eye Also, b> takmg advantage of an anatomical pecuhanty of the catfish 
cornea, it has been possible to embed the tumor fragments m normal tissue 
where it could still be readily observed both m the gross and microscopically 
The growth of the transplants m the eye has been followed by periodic examina 
tion of the living tumor by means of the slit lamp microscope In the anterior 
chamber the tumor characteristically forms dense membranes which spread 
over the inner surface of the cornea In this manner growth contmues until the 
tumor fills the chamber Between the tw o laj ers of the cornea, tumor grow th 
is expansive 

Attempts to transplant the tumor to the anterior chamber of two other 
speaes of fish and to frogs were unsuccessful Implantation of the catfish 
epithelioma m alien species of fish excited no exudatu e response, whereas m a 
less closely related species of animal the leopard frog a pronounced exudative 
reaction resulted 
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The frequent natural occurrence, the exposed anatomical position, and the 
facility of experimental transmission to the eye combine to make tiie catfish 
tumor especially suitable for studies upon neoplasia 
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EXPLVNATION OF PLATES 

Figs 1 to 5, 13 to 16, and 18 to 22 are unretouched photographs of living tumors, 
the remainder are sections ahich acre stained mth hematory'hn and eosin All 
magnifications are approximate Most of the figures nere photographed by Mrs 
Minam R Barrett 

Plate 18 

Fig 1 Epithelioma of the lip The tumor projects as a prominent, fleshy mass 
having a smooth surface beneath which numerous, large vessels may be seen 

Fig 2 A large, lobulated tumor involves the lower lip and has extended bad wards 
into the oral cavity In direct appiosition to this pnmar> growth, a smaller tumor 
has dev doped on the upper lip and the adjacent dental plate The masses prevent 
the dosure of the mouth 

Fig 3 On the lowrer hp are located two flattened, lobulated tumors In direct 
apposition tv o small tumors hav e dev eloped 

Fig 4 Mouth cavitv of tumor bcarng catfish shown in Fig 1 Upon opening 
the mouth two additional tumors v ere found, one of v hich had ansen from the 
dental plate (show n as a granular surface adjoining the tumor), the other was located 
on the floor of the mouth at some distance from the lip 

Fig 5 In addit’on to an epithelioma on the upper hp, there are tv o discrete tumors 
on the s de of the head Thev have the same general structure, and differ onl> in 
their darler color which is due to the presence of pigment-beanng cells in the sup- 
porting stroma 






Plate 19 


Fig 6 Sections through a representative tumor showing compact masses of 
epithelial cells which arc supported b> a scanty vascular stroma (the blood vessels 
arc coUapsed and hence not distinct in the photograph) X 200 

Fig 7 The epithelial cells of the tumor at higher magnification arc seen to ha\c 
no orderlj arrangement X 480 

Fig 8 Boundarv zone of tumor and subjacent tissue Flame shaped processes 
of the tumor dip dowaiward into the loose connective tissue of the lip X 260 

Fig 9 Epithelioma imading the subjacent tissue The masses of epithelial cells 
ha%e lost their compact texture and numerous, small processes are invading the 
deeper conncctn c tissue X 200 















Plate 20 

Fig 10 A tumor embolus hnng in a vein at some distance from a primarj tumor 
on the lower lip which had e'^tended into the deeper tissues, and destroyed a portion 
of the mandible X 260 

Fig 11 \nother tumor embolus m a vein from the case shown m the preceding 
figure X520 

Fig 12 ^ tumor embolus Ijang in a venule (The embolus came from the invading 
tumor shown in Fig 8) X 260 

Fig 13 \ asculature at the junction of normal mucosa (upper half of photograph) 
and de\ eloping tumor (lower half of photograph) as seen in the living animal The 
transition between normal and abnormal vascularization is well shown In the 
normal mucosa the vessels appear as uniform small capillary loops In contrast, the 
vessels at the margin of neoplastic development are tortuous, of unequal caliber, and 
bear bulbous dilatations X 70 

Fig 14 \ ascular change similar to that shown in the preceding figure from another 
incipient new growth The intense hj'percmia and the charactcnstic irrcgulanty of 
the V ascular pattern arc w ell show n X 70 

Fig 15 ^ asculature of a fully developed tumor showing a prominent, irregular 
network of vessels X 70 

Fig 16 A field from another large tumor in which are seen the great irrcgulanty of 
caliber and distnbution of the v cssels X 70 . 






Plate 21 


Fig 17 A broad membranous outgrowth from the transplanted tumor has covered 
the inner surface of the cornea 73 da\s after transplantation X 70 

Fig 18 Autotransplant in anterior chamber The entire chamber is filled bv a 
den«e, well aasculanzed mass 35 da\ s after tnnsjilantation X 10 

Fig 19 \utotransplant in antenor chamber The photograph is taken in a 
shghth oblique position to show a membranous growth spreading from the edge of 
the proliferating tumor o\cr the inner surface of the cornea, invading the ins, at the 
upper and lower poles 33 dajs after transplantation X 10 

Fig 20 Profile view of an intracorneal autotransplant The cornea is greatly 
distended w ith the tumor mass which has pushed the outer la> er of the cornea forward 
From the penpherv of the main mass strands of neoplastic cells may be seen infiltrat- 
ing the cornea 60 davs after transplantation X 10 

Fic 21 Front v lew of the tumor shown in the preceding photograph Vessels are 
seen to pass from the corium of the adjacent skin into the tumor X 10 

I ig 22 Profile anew of an autotransplant between the two lajcrs of the cornea, 
which have been widclv separated by the compacth growing mass X 10 
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PLATE 21 



(LucU and SchlumbeiECr Tninsphnlablt cpilliclioinas of ratfish I) 



Pjlate 22 

A senes of photographs of histologic sections to illustrate stages of grow th of tnns 
plants between the lasers of the cornea 

Fig 23 Transplant immediateh after operation to show its position m the cornea 
XSO 

Fig 24 Earlj stagCb of grow th 14 daas after operation the transplant is firmh 
jrred m a stroma deri\ed from corneal fibrous tissue, and vascularization has begun 
X80 

Fig 25 69 dajs after transplantation the tumor has become compact and widely 
separates the laj ers of the cornea X SO 

Fig 26 V section of the transplant shown in Fig 22 The photograph shows the 
position of the tumor in the cornea and its relation to the antenor chamber and lens 
X 25 

Fig 27 A. tumor 89 daas after transplantation Clusters of mucus forming cells 
are seen in the central part of the tumor mass X 50 

Fig 28 A portion of the tumor shown in the preceding figure The arrangement 
lb similar to that of the naturall\ occumng tumors Densely packed masses of 
neoplastic cells are supported ii\ a delicate \ascular stroma X 390 











THE COMPLEMENT FIXATION TEST IN THE DIAGNOSIS 
OF VIRUS INFECTIONS OF THE CENTRAL 
NERVOUS SYSTEM 

By J CASALS M D and R PALACIOS • M U 
(From the Laboratories of The Rockefeller InslUttte for Medical Research) 
(Received for publication, July 1 1941) 

The application of the complement fixation reaction to the study of central 
nervous S 3 ^tem virus infections has been complicated by the fact that infected 
bram or cord tissue is usually the only source of antigen Bram tissue extracts 
have the property of bemg anticomplementary and can be used only when they 
are diluted and some of their components removed Such procedures have 
resulted in a decrease of the final antigemc litre 

Howitt (1), although stating that the margm between specificit> and non 
specifiaty is narrow, reported specific complement fixation reactions w ith the 
viruses of equine encephalomyelitis, lymphocytic chonomenmgitis, and St 
Louis encephaUtis Several other workers have reported contradictory results 
with rabies virus Greval (2) and Havens and Mayfield (3), using sheep and 
guinea pig hypermimune sera respectively, obtain protocols sufficiently clear 
cut to permit evaluation of the specificity of the test Because of the practical 
importance of a satisfactory complement fixation test for the diagnosis of 
central nervous system virus infections renewed attempts have been made 
m this laboratory to resolve the complicatmg factors The result of these 
attempts to the present time will now be described m detail,* together with a 
simple technique for carrying out complement fixation tests with bram virus 
antigens Finally, the application of this test to the diagnosis of human virus 
encephalitides is reported 

Maienals and Methods 

Viruses — Rabies St Louis encephalitis Japanese B encephahtis IjTnphocytjc 
chonomemngitjs, Eastern equme encephalomyelitis, Western equine encephalomye 
htis louping ill, spontaneous encephalomyelitis of mice {TheDers disease) and a 
mouse stram of human poliomyelitis (Armstrong) have been studied These vuuses 
are propagated m this laboratory b> intracerebral mouse passage rabies virus is 
propagated also by intracerebral passage in dogs rabbits and guinea pigs 

*John Simon Guggenheim MemonaJ Foundation Fellow 

^ Preliminary statements have been published m Science (4) and reported also at the 
Forty first Annual Meetmg of the Amcncan Assoaation of Pathologists and Bac 
tcnologists held m New York m April 1941 (5) 
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■litltgois — Brain and sometimes the brain and cord are used as antigen They 
ha\e been prepared in se\enl \\a\-s in an effort to eliminate anticomplementarj 
effects The different methods mil be compared later, meanwhile, the procedure 
which we finally adopted as routine will be described Fresh, infected brain tissue 
IS weighed, ground up in a mortar, and emulsified in ten times its weight of a diluent 
consisting of 0 85 per cent saline containing 2 per cent normal, inactivated guinea 
pig serum This emulsion is kept in the ice box for 20 hours and then centrifuged in 
a horizontal centrifuge at 2500 r p m for hour The supernatant is then frozen 
and thawed five times in a drj ice-alcohol mixture, whereupon a flocculate appears 
Finallj It IS centrifuged m a small angle head centrifuge for 1 hour at approximately 
3500 R p ii After the addition of merthiolate m a dilution of 1 10,000, the superna- 
tant is stored in the ice box read> for use Antigens prepared in this manner are 
usuaUv employed undiluted Their litre vanes according to the virus and the species 
of animal from which the \nrus derives, from 1 8 to 1 128 They have not proved 
anticomplementary when kept for periods of 2 months, on further aging, however, 
they have tended to become anticomplementarv By means of this method good 
antigens have been obtained from all viruses except mouse passage poliomyelitis 
(Armstrong strain) and occasional strains of rabies street virus In these latter 
instances the virulence of the varus from which the antigen has been prepared has been 
low, — 0 03 cc of the 10“^ dilution mtraccrebrally, at best, whereas all other viruses, 
including those of most strains of street rabies, have Utred higher, — rabies street, 10“^, 
spontaneous encephalomyelitis of mice (Thcilcr), strain GVII, 10”®, St Louis en- 
cephalitis, Japanese B encephalitis, lyanphocytic choriomeningitis, and louping ill, 
10"® or 10"’, rabies fixed, 10~’, and Eastern and Western equine cnccphalo- 
mv elitis, 10"® 

Imn.uiic Sera — Hyperimmune sera have been obtained by injecting dogs, mice, 
rabbits, and guinea pigs with homologous infected brain tissue In general the 
following procedure has been followed in the case of mice A first injection of 0 5 
cc of a lO""* brain emulsion is given subcutaneously, after 1 week, intrapentoneal 
injections of 0 5 cc are giv en at 4 to 6 day intervals, starting with a dilution of 10"^, 
following this with a dilution of 10"’ and then 10"’, and repeating the last injection 
from three to five times The number of injections has varied from five to ten and 
the length of the pienod of immunization from 20 to 30 davs The litre of virulence 
of the vnruses used for immunization is detcirnmed at frequent intervals, as noted 
above 

This course of vaccination has proved fatal to a number of mice, especially when 
animals too voung have been employed, hov ever, by employing mice 3 to 4 months 
old at the time immunization is started, the propiortion of deaths can be reduced to 
10 p>er cent or less In order to maintain a constant supply of immune sera, the 
mice were kept under immunization bv repeated intrapentoneal injections of infected 
brain emulsions while thev lived, sometimes as long as 6 months (repeated bleedings 
from the heart proved fatal in the end in most cases) These subsequent injections 
V ere administered at intcrvaL longer than those of the initial immunization penod, 
usually every 10 or 15 davs The sera contained complement fixing antibodies 
whenever tested, although the highest litre seemed to be reached at the 4th or 5th 
v-eek, thereafter it diminished graduaUy 
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Rabies hypenmtaune sera in guinea pigs were obtained by means of five to ten 
mtrapentoneal injections of infected brain tissue in dilutions from 10“* to 10'^ 1 cc 
being administered each time in rabbits from eight to fifteen injections of the same 
diluUons in 2 cc volumes were emplo>ed All injections were given about 1 week 
apart 

Rabies hyperimmune sera in dogs ha\e been difficult to obtain three dogs were 
kept under immunization for a period of 3 months by means of weekly 5 cc mjections 
of infected brain tissue in a dilution of 10“* before they showed any complement 
fixing antibodies m their blood, and then only m low titre 
Sera from mice were obtained b> bleeding from the heart under ether anesthesia 
and poolmg the blood samples the sera from other animals were drawm either from 
the heart or from one of the \ein5 and always tested mdividually For reasons to be 
discussed later temperatures of inactivation for the different sera have been estab 
hshed as follows for guinea pig sera, 56 C , for mouse sera, 60“C and for rabbit and 
dog sera, 65 C All sera were heated for 20 minutes When inactivated at 65®C 
the sera were usually diluted 1 2 or 1 3 in order to prevent coagulation^— which may 
occur with undiluted serum at this temperature 
Data on the smallest number of injections necessary to induce complement fixing 
antibodies the promptness of their appearance and their persistence in serum are not 
mduded herem, we have lumted ourselves in this paper to a report of observations 
on the presence and specifiaty of the complement Nation reaction 
Completnenf — Fresh guinea pig serum constituted the complement It w'as ti 
trated m the presence of the antigens as mdicated later, and 2 umts were used m the 
test 

HeiMlyUc System — Sheep red blood cells and rabbit anti-sheep hemol>’sin con 
stituted the hemolytic sj’stem A 3 per cent suspension of packed cells m a volume 
of 0 25 cc plus 3 M n D of hemolysin also in a volume of 0 25 cc was used The 
cells and hemolysin were mixed H hour before use in the test 
Readton — The reaction was carried out m the foUowmg manner 0 25 cc of 
antigen, 0 25 cc. of serum in senal twofold dilutions, and 0 5 cc of complement diluted 
to contain 2 unite were meubated in the ice box for 18 hours and then left at room 
temperature for hour The hemolytic sjrstem consisting of 0 5 cc, of sensitized 
sheep cells was then added The total volume m each tube was thus 1 5 cc The 
tubes were next meubated in a water bath at 37 C for H hour and the reaction was 
read Complete hemolvsis was expressed as 0, absence of hemolysis as 4 plus w ith 
±12, and 3 plus indicatmg mtermediate degrees of hemolysis The titre of the 
serum was taken as the last dilution givmg a 2 plus or better fixation 

Development of a Specific Complement Fixation Test vnih Brain Antigens 
The technique outlined above was developed after considerable experimenta 
tion to ebmmate anticomplementary effects of the antigens, non specific reac 
tions between antigens and sera and anticomplementary effects of sera The 
various steps will now be described m detail 

Anticomplementary Power of the Antigens — Determmation of the anti 
complementary power of an antigen, necessarily the first and most important 
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Step in all complement fixation tests, is even more essential m the case of brain 
extract antigens smce their pronounced anticomplementary effect is w ell know n, 
especially follow mg long incubation of the first phase at low' temperature For 
this reason particular attention has been paid to this point 
In general the different methods to elimmate anticomplementary pow er ha\ e 
consisted either m the use of high dilutions of brain tissue or in extraction of 
the bram tissue wfith fat solvents, smce the lipoids in the brain seem to be 
mamly responsible for the anticomplementary action Of course these methods 
must be such that in reducing the anticomplementary action to a mmimum 
the antigenicity remams unchanged 

In our hands, 10 per cent, 5 per cent, and 1 per cent brain emulsions in saline 
or distilled w ater merely centrifuged in the horizontal centrifuge hax e exhibited 
anticomplementary effect, if the brain tissue was further diluted this inhibitory 
effect was eliminated but then the antigeniaty of the preparation w as either 
very low or non-existent Consequently the method of bringing the brain 
tissue to high dilutions proved unsatisfactory 
We have tried the technique described by Howitt (1), in which the brain 
tissue IS dried from the frozen state and this procedure follow'ed by ether ex- 
traction Although the resultant antigens were not anticomplementary, 
their antigenicity was low m all cases and usually no better than 1 2 to 1 4 
The supemates of bram emulsions, when spun m the ultracentrifuge at 
speeds varying from 10,000 to 30,000 r p m for 1 hour and especially if filtered 
through a Seitz pad, showed no anticomplementary pow’er and were used to 
advantage Filtration through a Seitz pad dispensed successfully with all 
non-specific effects, although it did reduce the antigenicity to a variable degree 
Filtration of a bram emulsion through a Seitz filter, either directly without 
centrifugation or follow mg centrifugation m the horizontal centrifuge, proved 
to be very unsatisfactory, the rate of filtration was extremely slow and the 
filtrate of very low antigenicity or entirely devoid of it 
From a comparison of these different methods of preparmg bram tissue anti- 
gens we have determmed that the technique described under materials and 
methods gives the highest antigenic titre without anticomplementary effects 
and at the same times dispenses with constant use of the ultracentrifugc The 
freezmg and thawmg of the bram emulsion are done not so much to disrupt 
the cells and extract more antigen as to produce marked flocculation, thus 
making subsequent centrifugation m the angle head centrifuge more effective 
As shown bx Bedson and Bland (6) long incubation of the first phase at low 
temperature is preferable to incubation at 37°C for or 1 hour to detect com- 
plement-fixmg antibodies associated w ith some \ irus infections This has also 
been our experience and on this account prolonged incubation in the ice box 
has been adopted Hov e\ er, this treatment has the disadx antage of increasmg 
the anticomplementarj pow er of the antigens Hence it has been found neccs- 
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sary to determine the litre of the complement m the presence of the antigens 
at the beginnmg and at the end of the period of mcuhation of the first phase 
m order to estimate more precisely the litres obtamed 

Titration of the complement and determmation of the anticomplementary 
power of the antigens were carried out m the followmg manner 

A prehminary titration of the complement was done by placing m test tubes increas 
mg amounts, from 0 05 cc to 0 5 cc of fresh guinea pjg serum m a dilution of 1 30 
and completing the volume to 1 cc m each tube witb saline Then the hemolytic 
system was added and the whole mcubated at 37®C for hour This gave a pre 
hmmary titre of the complement Following this prehminaiy titration the anti 
complementary power of the antigens was determined m duplicate 

Two sets of tubes each set having as many senes of six tubes as there were antigens 
plus an extra senes for salme alone, were set up Increasing amounts of diluted com 
plement from 0 05 cc to 0 5 cc were placed m each senes of tubes completmg the 
volume to 0 75 cc in each tube with saline Then 0 25 cc of a given antigen was 
added to each tube of the senes of sa m both sets a senes m each set being reserved 
for saline instead of antigen The first set of tubes was mcubated at 37 C for H hour, 
the second incubated m the ice box for 18 hours along with those of the test proper 
After incubation at 37*C the first set of tubes received the hemolytic system and it 
>vas again incubated at 37*C for another hour penod This latter titration gave 
the titrc of the complement m the presence of the antigens and deUrmmed the 
amount of complement to be used in the final test Moreover, it revealed any gross 
anticomplementarv action that might have tak.cn place m the antigens The second 
set received the hemolytic system at the end of the 18 hour incubation period 

The real value of the procedure described above was detenruned by the m 
cubation of the tubes of second titration at low temperature m conjunction with 
the test proper, for it disclosed not only anticomplementary properties in 
some antigens that appeared suitable on first titration but at the same time 
mdicated the actual amount of free complement present m the tubes when 
the hemolytic system was added This second titration replaced the rou 
tine antigen control tube and provided more accurate information After 
repeated trials we now know that antigens prepared as described above do 
not show any anticomplementary effect at the end of an 18 hour mcubation 
period The litre of the complement is usually the same and sometunes even 
better than that in the tubes with saline and no antigen 

Table I presents m detafl the result of one experiment in which the anti 
complementary power of several antigens was determined After incubation 
at 37°C for hour, the titre of the complement m the senes with salme alone 
was represented by 0 10 cc Of all antigens tested only No 4 was anU 
complementary in the gross and had to be discarded, this was a 10 per cent 
crude bram emulsion centrifuged at low speed with no further treatment 
The remaining antigens, namely, 1 per cent and 5 per cent bram emulsions 
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centrifuged at low speed, an antigen prepared according to the method de- 
scribed by Hoivitt, and three antigens prepared according to our method, were 
not anticomplementary After incubation in the ice box for 18 hours, however, 
the titre of the complement m salme was 0 13 cc Preparations 2 and 3 which 
at 37°C w ere not anticomplementary proved to be strongly anticomplemcntarj 
after standing m the ice box 18 hours, as m the case of antigen 4 which had al- 


TABLE I 

Ttlralion of Complement in Presence of Several Antigens 


Material emplojed as antiEen 


Incubation of first phase 


Hhr nt37*C 


18 hrs in ice box (2*C ) 


Amount of complement in dilution of 1 JO 



0 20 
cc 



i 

M 


i 

i 

i 

i 

i 


No 1 No antigen salme 

0 

I 

i 

0 

n 

H 

0 

0 

0 


1 

H 

No 2 Mouse brain 5 per cent Cenln- 
fuged 500 R p ir for 5 mm 

0 i 

0 

0 

0 

1 

2 

3 

1 

4 

4 

4 

H 

No 3 Mouse brain 1 per cent Centn- 
fuged 500 R p M for 5 min 


0 

0 

0 

1 

2 

1 


3 

4 

4 

n 

No 4 Dog bnin 10 per cent Centri 
fuged 2000 R p M for 10 mm 


0 

3 

4 

4 

4 

4 

1 

i 

, 4 

4 

4 

4 

No 5 Dog brain 10 per cent Centn 
fuged 15,000 R p ii for 45 min 

0 




± 

1 

0 

0 

0 

i 

1 

3 

No 6 Mouse brain 10 per cent — frozen 
and thawed Swedish centnfuge for 

1 hr 


1 

0 

0 

0 


1 

0 

0 

0 

0 

± 

1 

No 7 Dog brain 10 per cent — frozen and 
thaw ed Sw edish centrifuge for 1 hr 


0 

0 



1 

0 

0 

0 

± 

1 

3 

No S Dog brain 1 per cent — Howitt's 
method 




0 

± 

1 

0 

0 

0 

± 

I 

2 


0 indicates complete hemoUsis 
4 “ nohemoUsis 

i, 1, 2, and 3 indicate intermediate degrees of hemoljsis 


readj pro% ed anticomplementary at 37°C Antigens prepared m accordance 
with our method, togetlier with that of Howitt, did not become anticomplc- 
mentaiy 

The use of antigens such as Nos 2 and 4 in a complement fixation test would 
not be suitable because of their anticomplementary action, that of No 3 v ould 
be inadvisable even though the antigen control tube showed hemoljsis because 
Its specific action w ould be too close to the non-specific zone to be of any great 
significance Titration in the ice bo-'- gave a better estimate of the reaction 
than the antigen control tube In the final specific tests v c have used 2 units 
of complement as indicated bj the titration at 37°C WTen there arc several 
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antigens m one test, as may often by the case, there may be differences m the 
titre of the complement as given m the presence of each antigen These differ 
ences are generally not referable to more than one tube m the senes and in such 
cases the 2 units of complement are computed from the antigen givmg the 
lowest titre— an amount equivalent to 2J- or 2^ units with the remaining an 
tigens 

Non-Speetjic Reactiotis of Nortnal or Immune Sera — Our immune sera were 
obtamed with few exceptions by mjection of infected homologous bram tissue 
As shown by Witebsky and Steinfeld (7), injection of heterologous bram tissue 
gives rise, at least m certam species, to organ specific antibodies which rule 
out the use of such sera for complement fixation tests m which bram extracts 
are used as antigens But even when homologous bram tissue was used for 
the production of hyperimmune sera, a major difficulty arose in our work be 
cause of the property m sera from some speaes of reactmg m a non-specific 
manner with brain tissue extracts, a reaction similar to that described by Tale 
nomata (8) for bacterial cultures and filtrates, and by MacLie and Finlelstem 
(9) for a number of substances such as cholesterol, peptone, diluted alcohol, etc 

Takenomata sho^iNed that the serum of normal rabbits has the property of fixing 
complement m the presence of bacterial cultures and filtrates that the reaction was 
more pronounced when the first phase was incubated at 57*C rather than at 0 C 
and that this property of the sera could be destroyed by heatmg at 62 C Maclie 
and Finlelstem described a similar property for sera from normal mdmduals of several 
species Such sera could fix complement m the presence of cholesterol peptone al 
cohol, and other substances, whereas sera from other speoes either did not possess 
this property to equal extent or lacked it entirely This power of fixing complement 
was in general destroyed by heatmg the sera at 60 C and m most mstances was 
greatly reduced by heatmg at 56®C 

As noted above, antigens which were not anticomplementaiy could be ob 
tamed from bram tissue However, as a result of tests for complement fixmg 
antibodies on sera from different animal species, it soon became apparent that 
so much non specificity was present that the reaction was rendered valueless 
Sera from mice, rabbits, dogs, and human beings exhibited to a variable ex 
tent, the property of reactmg with bram extracts and gave a complex which 
bound complement 

Table II shows the extent of this non specific reaction Normal sera and 
immune sera from several different speaes were tested agamst antigens pre 
pared accordmg to the standard method The column under homologous 
antigens shows the result of the reaction between the immune sera and the 
antigens contaimng the same virus as that used for immunization of the am 
mak The column under heterologous antigens gives the result with one of 
the unrelated antigens Three rabbit sera, one normal, another rabies im 
mune, and the third Eastern equme encephalomyelitis immune, reacted with 
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both antigens Although the immune sera showed a higher titre with the 
correspondmg antigen, the degree of non-specificity was too high to be of any 
diagnostic use On the other hand, neither the sera alone nor the antigens 
were anticomplementaiy Mouse rabies immune, Eastern equme encephalo- 
myelitis immune, and Japanese B immune sera also evhibited a degree of non- 
specific reaction but not as high as that shown by rabbit sera Tw o human 
convalescent sera. Eastern equme encephalomyehtis and St Louis encephalitis. 


TABLE n 

Non Specific Complement Fixation Shotvn by Sera from Different Animal Species When Tested 
tenth Mouse Bratn Extracts as Antigens 
Sera inactivated at S6®C for 20 minutes 


Sera 


Homolosous antigens 


Heterologous antigens 


Sera in dHutions 


No antigen 
saline 



la 

1*6 

HE 


m 

m 

m 

i 

m 

K 

m 

m 

m 

■ 

m 

m 

iE 

1 21 

Rabbit normal 

‘ Eastern equine 
encephaloraj elitii 

— 

— 

— 

I 


1 

1 

1 

4 

1 

:h 

0 

0 

0 

0 

0 

0 

0 

immune 

4 

4 

4 

4 


3 

0 

4 

4 





Bl 

o 

0 

0 

0 

Kabbit rabies immune 
Mouse Eastern equme 
eDcepbabm> ehtis 

4 

4 

4 

4 

I 

3 

0 

4 

4 

1 


1 

1 

1 

0 

0 

0 

0 

immune 

4 

4 

4 

2 

K'l 

0 

n 

2 


0 

D 

o 


D 

0 

0 

0 

0 

Mouse rabies immune 
Japanese B im 

4 

4 

4 

4 

1 

0 

H 

3 

1 

0 


0 

0 

u 

0 

0 

o 

0 

mune 

Human St Louis con 

4 

4 

4 

3 

1 

0 

R 

4 

3 

0 

D 

II 

0 

0 

0 

0 

0 

0 

\alesccnt 

Human Eastern equme 
enccphalorn>chlis 

4 

4 

4 


0 

0 

1 

4 

4 


0 

0 

0 

0 

0 

1 

1 

0 

convalescent 

Gumca pig rabies im 

4 

4 

4 

4 

4 

2 

D 

4 

4 


2 

0 

0 

H 

0 

B 

fl 

0 

mune 

\o scrum control of 

4 

4 

4 

4 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

antigens 

0 

— 

— 

— 

— 

— 


0 

— 

— 

— 

— 



HI 





— indicates not tested 
Other footnotes as m Table I 


reacted with both antigens but not when saline was substituted for the anti- 
gens Finallj , guinea pig serum w as the only one that gave an entirely specific 
reaction 

It was found possible to eliminate this non-specific reaction by employing 
as antigen a bram emulsion filtered through a Seitz pad, following centrifuga- 
tion at high speed But because of the reduction in titre of the antigen thus 
obtained, and especiallj to eliminate constant use of the ultracentrifuge, a 
difierent method was applied, namelj , subjecting the sera to be tested to the 
action of heat (4, 5) 
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Sera from various anunal species as well as from human convalescents were heated 
for periods of 20 mmutes at tempemturcs of S 6 °C (the usual temperature of inactiva 
tion which destroys complement present m the sera) dO C , and 63 °C In some 
instances higher temperatures— 70 C and 7S'*C— were also apphed When tem 
peratures of 65^C or higher were employed, the sera were ordinarily diluted to avoid 

TABLE m 


EjSect of Beating Sera at Dijferent Temferaturei onSpectjic and Bon-Spectfie Complement Fixing 
Antibodies 


ScTfc 

Non-specific reictioo witb fceler 
ologous KQtiacn. Sera heated for 
20 nun at temperatare 

specific reaction with homologous 
antigen Sera heated for 20 mm 
at temperature 

56 C 

60C 

65 C 

70 C. 

75 C 

56 C 

[60 C. 

65 C. 

70 C. 

75 C, 

Rabbit 1 normal 

1 16* 

1 8 

0 








2 rabies immune 

1 12 

1 6 

0 

0 

0 

I 96 

1 9G 

1 48 

1 24 

0 

3 

1 32 

I 32 

0 



1 64 

1 « 

1 32 



4 Eastern equine en 











cephalomyeUtis immune 

1 24 

1 24 

0 



1 96 

1 96 

1 48 



Rabbits Western equine en 











cephalomyeUtis immune 



0 





1 4 



Mouse lymphocytic chono- j 



! 


1 






meningitis immune 

1 3 

Q 




1 48 

1 48 




Mouse rabies immune ^ 

1 6 

0 

0 



1 24 

1 12 

0 



Japanese B encepha 











htis immune 

1 6 j 

0 

0 



1 24 

1 24 

0 



Human No 1 louping lU 











convalescent 

0 ' 

0 




1 16 

I 16 




Human No 2 Eastern 











equine encephalomyelitis 









j 


convalescent 

1 48 

1 24 

0 



I 96 

1 96 

I 48 



Human No 3 St Louis en 











cephalitis convalescent 

1 16 

1 8 

0 



1 32 

1 16 

1 8 



Human No 4 Wasscrmann 











positive 

1 48 

1 12 

0 








Guinea pig rabies immune 

0 

0 

0 



I 24 

1 12 

1 6 



Dog rabies immune 

1 32 

1 8 

0 



1 64 

1 32 

1 16 




* Highest dilution of senim giving a 2 plus or belter reaction first dilution 1 I 1 2 or 1 3 


coagulation Table III presents a suminao of tbe results of several tests This table 
shows the highest dflution of serum giving a 2 plus or better reaction ViUth the homol 
ogous and a heterologous antigen The first dilution of the sera was 1 1, 1 2, or 1 3 
Rabbit sera gave a non specific reaction m dilution as high as 1 32 this reaction re 
mained practically unchanged at 60 C but disappeared at 65 C On the contrary, 
the reaction with the homologous antigen persisted with only slight decrease at 65 C 
at 70^0 there were still antibodies left although of lower titre It ii'as onl> following 
heating at 75 C that the sera were no longer active ^Vith mouse sera the non 
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specific reaction present at 56°C disappeared at 60°C , whereas the specific reaction 
persisted practicallj unchanged at 60°C and even at 62°C in some cases Antibodies 
in the mouse sera were lost at 65°C Some of the human sera did not give a non 
specific reaction at 56°C and others did This non specific reaction was especialh 
noted in Wassermann-positiv e sera, although others, such as Nos 3 and 4, which were 
not Wassermann-positiv'e, likewise showed a non specific reaction at 56°C and 60°C , 
but not at 65°C The specific reaction shown by the human sera was not altered b> 
heating at 60°C and 65°C WTiether there was a great loss of titre after heating at 
65°C is difficult to say because of the fact that the reaction was masked in part b> 
the non-specific effect, the drop m titre shown by some sera, for example No 3, ma> 
be more apparent than real A dog rabies immune serum reacted simdarlj' to rabbit 
sera And finall}', w ith guinea pig immune sera there w as never a non-specific reac- 
tion following inactivation at S6°C , the specific antibodies were still present at dO^C , 
with accompanjing loss of titre, they were usually no longer present at 65°C and 
never at 68°C 

These observations indicate that there is a margin sufficiently wide between 
the temperature capable of destroying elements m the serum responsible for 
the non-specific reaction and that materially affecting specific antibodies 
By observing this varying resistance to heat it has been possible to obtain a 
specific reaction As indicated above, temperatures of inactivation have been 
established at Sfi^C for gumea pig sera, 60“C for mouse sera, and 65°C for 
rabbit and dog sera, all sera bemg heated for 20 minutes 

For human sera a temperature of 56°C has seemed to be sufficient in most 
cases, but in order to eliminate shght degrees of non-specificity a temperature 
of mactiv'ation of 60°C has been adopted except in cases of Wassermann-posi- 
tive sera or those sera that for some unknown reason give a non-specific reac- 
tion at this temperature In such cases the temperature of inactivation has 
been 65°C If enough serum is available, the best procedure is to carry out 
the reaction with the serum m duplicate, mactivating one sample of serum at 
60®C and the other at 65®C 

Anlicomplementary Power of the Sera — Some rabbit, dog, and human sera, 
especially when kept m the ice box for some time, may have an anticomplc* 
mentarj effect of their ow n, that is, they may fix complement in the absence 
of antigen This power maj be present when the serum is diluted as much as 
1 4 or 1 6 but heating at 60°C or destroys the anticomplementary effect 
of the serum 

Results of Nrdly Developed Complement Fixation Test with Hyperimmune Sera 

Hyperimmune Sera from Mice — blouse hyperimmune sera prepared as de- 
scribed abov e w ere tested against homologous and heterologous antigens 
The result of a single test is summarized in Table IV 

Each serum mzs tested against each one of the antigens The tc^t v as done in 
duplicate, one set with sera bemg inactivated at S6°C , the other set v ith sera at 
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60'’C Only the reaction at 60 C has been reproduced here Its specifiaty is com 
plete There ivas no cross reaction m this test betvveen the St Louis No 3 virus and 
the Japanese B strams the serological relationship between these two viruses has 
been investigated by Webster (10) b> means of the neutralization test with the result 
that they have been shown to be serologicall} different even though cross ncutraliza 
tion not exceeding 1 to 10 ir Lj) ma> be present Whether there is any shght degree 
of cross reaction m the complement fixation test is being further mvestigated, al 
though if present, it would appear to be \ery insignificant The serum of lymphocytic 

TABLE IV 

CompJemeni Ftxalton Test vnth Mouse Immune Sera Inactivated at 6(FC for 20 Mtnuies Mouse 
Brain Antigens 




Antlgenv 

e 

« o 

s 

M 

I 

si 

2-i 

*2 

«3 

|e 

o 

05 

85 

0*5 

II 

ll 

>a 

zi 

ll 

s!s 

u 

M 

*01 

5 

1 

c 

£ 

iS 

1 

c 

•3 

as 

6 

e 

& 

St Louis encephalitis No 3 

1 32- 


D 

0 

0 

0 

0 

0 

0 

0 

Japanese B encephalitis No 











2604 

0 


I 32 

1 64 

0 

0 

0 

0 

0 

0 

Japanese B encephalitis No 











17 

0 


1 64 

1 12s 

0 

0 

0 

0 

0 

0 

Japanese B encephahtis No 











12 

0 

1 32 

1 12£ 

1 128 

0 

0 

0 

0 

0 

0 

Lymphocytic chonomenm 











gitis 

0 

0 

0 

0 

1 128 

0 

0 

0 

0 

0 

Eastern equine encephalo- 











myehtis 

0 

0 

0 

0 

0 

1 64 

0 

0 

0 

0 

Loupmg ill 

0 

0 

0 

0 

0 

0 

1 64 

0 

0 

0 

Rabies (street) 

0 

0 

0 

0 

0 

0 

0 

1 32 

1 8 

0 

Rabies (fixed) 

0 

0 

0 

0 

0 

0 

0 

1 16 

1 8 

0 

No antigen 

0 

0 

0 

0 

0 

0 

0 

0 

0 

— 


•Highest dilution of serum giving a 2 plus or better reaction first dilution 1 4 


choriomeningitis immune mice has a high litre of complement fixing antibodiesi 
which is m contrast to the uniform absence of neutralmng antibodies in the blood o 
these animals Louping lU immune serum has a high litre of antibodies Finally 
rabies fixed and street viruses react with each other 

In another test presented m Table V two additional viruses w ere studied for their 
capacity to elicit complement fixing reactions the Western equine encephalom>ehtis 
and the mouse spontaneous encephalomjelitis Mruscs The sera were used in this 
test undiluted and in maeasing twofold dilutions the temperature of mactivation 
being 60 C for 20 inmutes With the viruses of Eastern equine encephalom> ehtis 
and Western equine encephalomyehtis there was no cross reaction The G\TI 
strain of mouse spontaneous encephalomj eliti gave a high litre serum 
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Hyperimmune Sera from Guinea Pigs — Guinea pigs ha\e been used to obtain 
ibies immune serum Thus far se\ en animals have been immunized \\ ith 
le result that all except one ha\e shoivn antibodies m high titre in dilutions 
irjung from 1 48 to 1 382 Some of them required no more than three or 
lur injections to give a positive serum When tested against a normal brain 
itigen or against an unrelated antigen (and this is done in every individual 
St), guinea pig serum has al\va3's given a specific reaction follow ing inactiva- 
on at 56“C 

Hyperimmune Sera from Rabbits — Rabies, Eastern and Western equine 
icephalomyelitis immune sera have been prepared in rabbits The Eastern 
id Western equine encephalomyelitis sera w ere adapted originally for neu- 
alizing antibodies by inoculation of mouse rather than rabbit infected brain 

TABLE V 


Complement Fixation Teel ^Tot^se Immune Sera Inacltvaled at 6CFC for 20 Minutes 

Mouse Brain Antigens 




Sera 


Antigens 

Eastern equine 
enctphalomye* 
htis 

Western equine 
encephalomj c 
htis 

Spontaneous 
cncephalomyc 
litis of mice 

istem equine encephalom> ehtis 

1 4* 

0 

0 

'estem " “ 

0 

1 16 

0 

lontaneous enccphalom> ehtis of mice (Theiler’s 
disease) 

0 

0 

1 64 


* Highest dilution of serum ginng a 2 plus or better reaction first dilution, 1 1 


ssue Only two mjections of a 1 to 1,000 suspension were given to each of 
V 0 rabbits, 2 cc each time The animals received no further treatment and 
[ter 1 } ear their sera were tested for complement-fixing antibodies, although 

may be added that a specific reaction was not expected on account of the 
ijection of heterologous (mouse) brain virus These two sera, when tested 
i dilutions of 1 2 or 1 3, have given an occasionally non-specific reaction, 
» en follow ing inactivation at 65°C , probably as a result of the presence of 
ime mouse protein antibody, m higher dilutions the reaction has been specific 
t all times In Table \T are given the results of cross-reactions between the 
VO sera and a rabies immune serum at three different temperatures of m- 
ctnation 

The estem equine cncephalom\ chtis serum was tested undiluted and in serial 
vofold dilutions against Western and Eastern equine encephalom> ehtis and rabies 
ntigens The titre of this serum was xerv Iot, 1 4, although it was completely 
>eanc The Eastern equine encephalom\ ehtis immune serum inactivated at 65°C 
ad a titre of 1 48 \ nth the homologous antigen, but in a dilution of 1 3 it reacted 
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also with rabies antigen FlnaU^ the rabies immune serum at 65 C reacted only 
ith the rabies antigen 

The production of rabies immune sera in rabbits has not been an easy task 
In most instances no antibodies were present m the first 4 or 5 weeks of im 
muimation, by which time from five to seven mjections had been given A 
total of nine rabbits have been immunized with the Fasteur strain of rabies 
virus propagated m the same speaes 

Table VH gi\ es the titre of all sera as obtained in a single test The immunization 
of the individual rabbits had been started at different tunes, so that at the tune of 

TABLE VI 

Halfbtl Immune Sera Complement Ftxai$on Tests Follcnctng Inachtction for ZO JSStnules at 
Dfjerent Temperatures 


Ser4 tn«ctiv4ted 4t tempenture of 



1 1 

1 fio C 


65 C 


Aatigens 

1 Zistem 
equiae 
cncepbtlo 
rarebtii 
lnuBaoe 

f Rabin 

1 Immu&t 

Eaatcrn 
equine I 
cocepfaai»-| 
royelitu 
louKuae 

Rabin 
uamuse ' 

Rutcni 
equine ' 
eocepbalo-i 
myclUis 

tflunuDe 1 

Rabin , 
bnnuBc 

Wntera 

equine 

encephalo- 

myelitis 

Immuae 

Eastern eqube en 
cephalomyeliUs 

1 96* 1 

1 ' 

I 96 

1 12 

1 48 

0 j 

0 

Western equine en 
cepholomyelitis i 

1 24 1 





0 1 

I ^ ^ 

Rabies I 


1 1 96 

124 1 

1 95 1 

! 1 3 { 

1 48 1 



Eastern and Western equine encephalomyelitis rabbit immune sera were obtained by 
injectmg mouse infected brain 

* Highest dilution of serum giving a 2 plus or better reaction 
-• «= not tested 

bleeding for the test they had received differmg numbers of injections and their 
immunization had been in progress for varying lengths of time The number of 
mjections received by each rabbit as well as the tune elapsed from the beginning of 
immimization are shown m the table Here it may be seen that all reactions at 56 C 
and 60 C were non-speafic Following inactivation of the sera at 65®C , six rabbits 
gave a specific reaction another rabbit No 4, gave a negativ e reaction, and rabbits 
5 and 9 a non-specific one The seta of these two latter rabbits were tested at even 
higher temperatures of inactivation and afeo with antigens filtered through a Seitz 
pad, with negative results The reaction remained non specific These animals had 
been immumzed with tissue that had remained m the ice box for a period of 5 to 7 
days, while m most other cases the infected tissue used for unmunization was fresh 
This possible explanation is bemg studied further 

In general, with respect to hyperimmune sera from eleven rabbits the differ 
ent resistance of the specific and non specific antibodies to beat was consistent 
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Eypcrimmum Sera from Dogs — The complement fixation reaction with dog 
sera has been difficult because of the presence of non-specific antibodies similar 
to those encountered in rabbit sera and also because of the hemol3'sins for 
sheep cells that ma> occur spontaneousty Moreover, dogs do not seem to 


TABLE \TI 


Rabbit, Rabies Immune Sera Result oj Complement Fixation Test FoUoxiiiig Inactivation of 
Sera for 20 MtriUcs at DiJIerert Temperatures 


Temperature of inactit ation of sera 


Sera 






56'C 



wc 




65 C 


Rabbit 

No 

No of 
injcc 
tions 

Period of 
inmum 
ution 

Rabies 

antigen 

Hclcr 1 
ologous 
antigen j 

No 

antigen 

Rabies j 
antigenj 

Hctcr 

ologous 

antigen 

No 

antigen 

Rabies 

antigen 

Hcter 

ologous 

antigen 

No 

antigen 

1 

31 

mos 

12 

1 48* 

1 24 1 

0 

1 

1 48 

1 24 

0 

1 

24 

0 

0 

2 

8 

2 

1 24 

1 24 

0 

- 1 

— 

— 

I 

12 

0 

0 

3 

15 

6 

1 12 

1 12 i 

0 

16 1 

0 

0 

1 

3 

0 

0 

4 

11 

5 

1 24 

1 24 ' 

0 

1 6 , 

1 6 

0 


0 

0 

0 

5 

11 

5 

1 96 

1 96 ' 

0 

1 96 ) 

1 06 

0 

1 

24 

1 48 

0 

6 

9 

41 

1 24 

1 24 

0 

1 12 1 

1 12 

0 

1 

6 

0 

0 

7 

9 

4X 

1 48 

1 24 

0 

1 4S 

1 24 

0 

1 

24 

0 

0 

8 

9 

41 

1 24 

1 24 ' 

0 

1 24 ' 

1 6 

0 

1 

12 

0 

0 

9 

9 

41 

1 96 

1 96 ' 

0 

1 96 1 

1 96 

0 

1 

48 

1 24 

0 


* Highest dilution of serum giving a 2 plus or better reaction first dilution, 1 3 


T4BLE van 

Dog, Rabies Immune Sera Result of Complen ent Fixation Test FoUmiing Inactiiation of Sera 
at 65°C for 20 Minutes Mouse Brain Antigens 


Antigcrs 

Dos 

2 26 serum in 
dilutions 

1 

1 

i 

Dog 2 ol cnim m 
dilutions 

1 

i 


Dog 

2 32 serum in 
dilutions 



1 2jl < 

jl S|1 16 1 32|1 

(A 

I- 

'l 4 jl S 

I 16 

I 32 

1 

B 

B 

m 

m 

m 

flS 

Rabies, mouse 

-| 4 

1 1 0 1 

El 

0 

1 

1 4 , 4 

. 4 i 

3 

0 

i 

B 

4 

1 

0 

0 

Japanese B en 
cephalitis, mouse 

1 

-1 0 

1 i 

! 0 , 0 i 


0 



0 i 

0 

0 



0 

0 i 

0 

0 

0 

No antigens 

-!o 


0 ' 

0 


0 ; 0 

,oi 

0 

0 

— ! 


o; 

o; 

0 

) 

0 


— = not tested 
O Jier footnotes as m Table I 


respond to the immunizing injections as readilj’’ as do guinea pigs or rabbits 
Three dogs hav e been under immunization treatment for a period of nearly 6 
months, their sera being tested at frequent interv als The first definite specific 
reaction was obtained at 3 montlis after approvimatelj twenty injections 
had been giv en 

Table \ UI sho’’ s the result oi a test v nth lDC sera of the three dogs The sera v ere 
inacLivated at 05'C fo' 20 minutes folio ng dilution to 1 2 The reaction v ith 
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rabies antigen gave litres of 1 4 1 32, and 1 8 respectively whereas there was no 
reaction with the unrelated antigen (Japanese B encephahtis) 

Restdts of Newly Developed Complement Fixation Test with Sera from Cases of 
Central Nervous System Virus Infedtons 

Animal Sera — ^Mice intramuscularly infected with 0 01 cc of rabies street 
VITUS did, m some instances, have complement fixmg antibodies comcident 
with the development of paralysis Also mice intracerebrally inoculated with 
the virus of spontaneous encephalomyelitis (Theiler), that developed paralysis 
but survived for 30 days, showed antibodies m their blood m litres from 1 2 
to 1 8 Fmally, preliminary studies with the virus of St Louis encephalitis 
indicate that, following a smgle 0 5 cc mtrapentoneal injection of virus in a 
dilution of 1 100, about one third of the mice have antibodies as early as the 
the 6th day and all mice have antibodies m fairly high litre by the 13th day 

The sera of dogs receivmg mjections of 0 5 cc of street virus m a dilution of 
1 20 mto the neck muscles (11) have been tested, thus far with negative re 
suits 

Human Sera — Smadel, Baird, and Wall (12) showed that m a proportion 
of human cases of lymphocytic chonomemngitis complement-fiiimg antibodies 
were present, that they appeared early m the disease or the first stages of con 
valescence later they disappeared and were substituted by neutrahzmg anti 
bodies This seems to be the only instance m which complement fixing anti 
bodies m the blood of human bemgs have been described m connection with 
any of the diseases herein considered Accordmgly we apphed our test to 
human cases of central nervous system virus encephahtides which had pre- 
viously been diagnosed on the basis of neutralization tests Thus far, few 
such cases have been available and most of these old ones * 

Tests with human sera are summarized m Table DC All cases of Eastern 
and Western equme encephalomj elitis and louping ill tested gave a positive 
specifice reaction, the persistence of loupmg ill antibodies m the blood of an 
mdividual 8 years followmg infection is striking Only recent cases of St 
Louis encephalitis and lymphocytic choriomeningitis have sho\vn complement 
fixing antibodies 

In addition, several other human sera have been tested, among them six 
sera from patients with St Louis encephahtis from the 1933 and 1937 epidemics, 
three from patients with lymphocytic choriomenmgitis one of them infected 

The sera from human cases have been kindly supplied by the following persons 
Dr W Llo>dAycock,Dr Margaret G Smith Dr G 0 Broun Dr Charles D May, 
Dr MoiganB Hodskms, Dr Horace L Hodes, Dr Richard E Shope Dr Sherman 
F Gilpm Dr Roy F Feemater Dr R \ Platou Dr Albert B Sabin Dr Walter 
0 Rlingman Dr Charles F Branch, Dr Thomas Henley Dr Joseph Johnson Dr 
Herald R. Cox, and Dr Joseph L Lihenthal Jr To all we express our gratitude 
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VIRUS IXFECTIONS OF CENTRAL NERVOUS SYSTEM 


5 years previous to the present bleeding, and the other tivo recent ones, and 
finally, about fifteen sera from patients with mdefinite central nervous system 
symptomatology', none of -n hich has, to our know ledge, been diagnosed These 
sera have been tested against Eastern and Western equine encephalomyelitis. 


TABLE EC 

ComplemetU Fixation Tests tcnth Human Sera 


Sera 


Antigens (mouse brain) 


1 

Diagnosis of disease b> 
neutralization test 

Interval 
between 
disease and 
bleeding for 
complement 
fixation test 

Temperature of in 
nclivalion tor 20 
min 

te 

c 

B, 

a 

o 

tA 

Lymphocytic 

choriomeningitis 

Eastern equine cn- 
ccpbalomyehtis 

S 2 

5*2 

3 ?? 

vB 

** o 
o-S 

s-g. 

St Louis encepha 
htis 

Japanese B encepb 
alitis 

No antigen saline 


i 


C 








1 

Eastern equine cn- 

2 jrs 

60 


0 

1 8* 



0 

0 


cephalorai elilis 










2 

<1 <1 

2 “ 

65 

0 

0 

1 48 


0 


0 

3 

« {( 

2 “ 

65 


0 

1 8 


0 


0 

4 

<< ti 

2 “ 

60 


0 

1 32 


0 



5 

(( 

2 “ 

65 


0 

1 2 


0 


0 

1 

Western equine en- 

3 " 

65 


0 

0 

1 8 

0 



1 

ccphalomi elitis 










mm 

Western equine en- 

? 

60 


0 

0 

1 4 

0 


0 


cephalom) elitis (?) 











Western equine en- 

2 jrs 

60 


0 

0 

1 1 

0 

0 


Bi 

cephalom> elitis 

1 









IB 

Louping ill 

8 " 

60 

1 16 

0 

0 



0 

0 

■El 

(( It 

4 ‘‘ 

60 

1 4 

0 

0 


0 

0 

0 

11 

L> mphocj tic chono 

2 wks 

60 

0 

1 4 

0 


0 

0 

0 


meningitis 


1 








mm 

II It 

3 “ 

60 

0 

1 1 

0 


0 

0 

0 

WSm 

II “ 

2-4 wks 

60 


1 1 


0 

0 



14 

St Louis encephalitis 

4 mos 

60 



0 

0 

1 1 



15 1 

It II 

3 “ 

65 


0 

0 


1 8 


0 

16 ! 

11 II 

3 “ 

60 


0 

0 


1 1 


0 

! 

It II 

? 

60 




0 

1 4 




• Highest dilution of serum giving a 2 plus or better reaction first dilution, 1 1 or 1 2 


St Louis encephalitis, lymphocytic choriomeningitis, and some against louping 
ill antigens, all wnth negative results 

COMMENT 

The etiological diagnosis of the human encephalitides remains a difficult 
one Thus far the dmician has had to depend on methods that are either un- 
satisfactory or else cannot be used as routine Isolation of mtus from the 
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cerebrospinal fluid or blood has been accomplished only in a few cases of 
lymphocytic chonomemngitis and, perhaps, Japanese B encephalitis In 
general, though, virus is recoverable only from the central nervous sj stem, thus 
providmg only a postmortem diagnosis most of the cases m which a diag 
nosis has been possible, it has been brought about through the medium of the 
cumbersome neutralization test The neutralization test has two disad 
vantages In the first place, neutralizmg antibodies do not appear m general 
until after convalescence is well under way so that the diagnosis is a delayed 
one In the second place, routine use of the neutralization test is hardly pos 
sible m a diagnostic laboratory because of the comphcated procedure mvolved 

The complement fixation test as described above appears emmently practical 
The antigens are stable for a considerable period of time and the test procedure 
is, m general, a famiUar one Lastly , no animals are required and the result 
IS apparent v. ithm a few hours 

SUmiARY AND CONCLUSIONS 

A specific complement fixation test can be obtamed m various central nerv 
ous system virus infections by using as antigens emulsions of infected brain 
tissue, freezmg and thawing the bram emulsion, and then centrifuging it m 
an angle head centrifuge at 3500 R p ir for 1 hour The method has proved 
reliable m the case of rabies St Louis encephalitis, Japanese B encephahtis 
lymphocytic choriomeningitis Eastern equine encephalomyelitis, Western 
equine encephalomyehtis, loupmg ill, and spontaneous encephalomyelitis of 
mice (Theiler’s disease) 

The specificity of the reaction regardless of the virus mvolved, requires differ 
ent temperatures of inactivation of the sera accordmg to animal species 
56®C for gumea pig, CO'^C for mouse and 65°C for rabbit and dog sera, all 
heated for 20 mmutes For human sera a temperature of mactivation of 60®C 
also for 20 mmutes has been adopted, at this temperature the reaction is m 
general specific 

Complement fixmg antibodies in high titre were found m the sera of rabbits, 
gumea pigs mice, and dogs immunized with rabies vims 

Complement fixmg antibodies were present m high titre in sera drawn from 
two persons 8 years after an attack of loupmg lU, from five persons years 
after an attack of Eastern equine encephalomyelitis, and from two persons 
2J years after Western eqiune encephalomyehtis In cases of St Louis en 
cephalitis and lymphocytic chonomemngitis, complement fixmg antibodies 
have been found shortly foUowmg infection but not after long periods 

BIBLIOGRAPHY 
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5 years previous to the present bleeding, and the other two recent ones, and 
finally, about fifteen sera from patients with indefinite central nervous system 
sjTnptomatolog}', none of which has, to our knowledge, been diagnosed These 
sera have been tested agamst Eastern and Western equine encephalomyelitis, 

TABLE PC 

Complement Ftxaltor Tests xtth Human Sera 


Sera Antigeu (mouse brain) 


No 

Diagnosis of disease bj 
neutralization test 1 

1 

Interval 
between 
disease and 
bleeding for 
complement 
fixation test 

Temperature of in 
activation for 20 
mm 

t£ 

C 

c. 

w 

u 5 

C 

II 

Eastern equine en- 
cephalomyelitis 

Western equine en 
cephalomyelitis 

St Louis encepha 
htis 

Japanese B cnceph 
alitjs 

C) 

c 

e 

tj 

M 

C 

ri 

O 

Z 

1 

Eastern equine en- 

2 \rs 

60 ' 


0 

1 8* 



0 

0 


cephalomv elitis 










2 

(( <( 

2 “ 

65 ' 

0 

0 

1 48 


0 


0 

3 

(( U 

2 “ 

65 


0 

1 8 


0 


0 

4 

l< u 

2 “ 

60 1 


0 

1 32 


0 



5 

1< <( 

2 “ 

65 I 


0 

1 2 


0 


0 

6 

\\ estem equine en- 

3 “ 

65 ! 

1 

0 

0 

1 8 

0 




cephalomvclitis 



] 

1 






7 

Western equine en- 

? 

60 


0 

0 

1 4 

0 


0 


cephalomj eliUs (?) 



1 







8 

Western equine en- 

2 jrs 

60 


0 

0 

1 1 

0 

0 



cephalomj ehtis 










9 

Louping ill 

8 

60 

1 16 

0 

0 



0 

0 

10 

(( 1 

4 “ 

60 

1 4 

0 

0 


0 

0 

0 

11 

L>mphocjtic chono- 

2 wks 

60 

0 

1 4 

0 


0 

0 

0 


meningitis 



i 




1 



12 

«i {< 

3 “ 

60 

0 

1 1 

0 


0 

0 

0 

13 

« «» 

2-4v\ks 

60 


1 1 


0 

0 



14 

St Louis encephalitis 

4 mos 

60 



0 

0 

1 1 



15 

l< ti 

3 “ 

65 


0 

0 


1 8 


0 

16 

ii It 

3 “ 

60 


0 

0 


1 1 


0 

17 

it (( 

? 

60 




0 

1 4 




* Highest diluUon of serum giving a 2 plus or better reaction first dilution, 1 1 or 1 2 


St Louis encephalitis, lymphocj'tic choriomenmgitis, and some against looping 
ill antigens, all wnth negative results 

COMMENT 

The etiological diagnosis of the human encephalitides remains a difficult 
one Thus far the clinician has had to depend on methods that are either un- 
satisfactorj or else cannot be used as routine Isolation of virus from the 


















CULTIVATION OF THE HOG CHOLERA VIRUS 

By carl TENBROECK M D 

{From the Department of Ammal and Plant Pathology of The Rockefeller Institute for 
Medical Research Princeton, A ew Jersey) 

(Received for publication, July 7, 1941) 

Although 9 years hai e passed since Hecke (1) reported the cultivation of the 
hog cholera virus, no confirmation of his w ork has yet appeared This is prob 
ably in large part due to the fact that onl> swine can be used to demonstrate 
the virus and, — smee the disease is so highly contagious, — to the necessity of 
keeping the inoculated animals m stnet isolation 

Hecke used a number of swine tissues in his eipenments In banging drop prepa 
rations contammg choroid plexus or spleen he was able to demonstrate virus in the 
15th passage In flask cultures contammg bone manrow m plasma plus Drew s solu 
tion virus was present m the 10th transfer while it was demonstrated in the 20th 
transfer of lymph node m plasma plus Drew s solution and m the 14th transfer con 
taming spleen Media containing kidney did not favor the increase of virus There 
was great irregulanty in the tests for \nrus m the various transfers and in all cases it 
ivas eventually lost The least amount of culture tested was a 1 1000 dilution Long 
mcubation periods m the inoculated swme were not uncommon, suggestmg either an 
attenuation of the virus or cross infection 

Hog cholera is an important disease and it seemed desirable to attempt to 
repeat and amplify the work ahead} reported Furthermore, since the virus 
IS so highly specific for swine it was believed that its culture would be difficult, 
and that if it was successful, it might provide methods for the cultivation of 
some of the other specific viruses of man and ammals The results obtained 
are presented herewith 

Materials 

A strain of virus used for vaccination in the central portion of the United States 
Nvas obtamed through the courtesy of Dr Shope It had probably been passed by 
moculation through a senes of swme and is highly virulent for them causmg a tern 
perature and marked prostration m2ito3 days after mtramuscular injection Swine 
that are killed after 3 or 4 days of fever show relatively few lesions the lymph nodes 
are enlarged but seldom hemorrhagic, and a few hemorrhages are found under the 
capsule of the kidneys If the animals are allowed to liv e for a longer penod of time 
after mjection, other characteristic lesions of hog cholera appear The vmis is 
neutralized by an anti hog cholera serum produced m the eastern United States b> 
one of the large commeraal houses 
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CULTIVATION OF THE HOG CHOLERA VIRUS 

By carl TENBROECK M D 

{From the Department of Anmal and Plant Pathology of The Rockefeller ItultliUe for 
Medical Research Princeton, New Jersey) 

(Received for publication, July 7 1941) 

Although 9 years hai e passed since Hecke (1) reported the cultivation of the 
hog cholera virus, no confirmation of his work has > et appeared This is prob- 
ably m large part due to the fact that onl> swine can be used to demonstrate 
the virus and, — since the disease is so highly contagious — to the necessity of 
keeping the inoculated animals in stnct isolation 

Hecke used a number of s^ane tissues m his eixpenments In hanging drop prepa 
rations contammg choroid plexus or spleen he ivas able to demonstrate virus in the 
15th passage In flask cultures contammg bone marrow m plasma plus Drew s solu 
tion virus was present in the 10th transfer while it ^^*as demonstrated m the 20th 
transfer of lymph node in plasma plus Dreu s solution and m the 14th transfer con 
taming spleen ^ledia contammg kidney did not favor the mcrease of virus There 
was great irregularity m the tests for \nrus m the various transfers and in all cases it 
was eventually lost The least amount of culture tested was a 1 1000 dilution Long 
mcubation periods m the inoculated swme were not uncommon suggestmg either an 
attenuation of the virus or cross infection 

Hog cholera is an important disease and it seemed desirable to attempt to 
repeat and amphfy the work already reported Furthermore, since the virus 
is so highly spiecific for swine it was believed that its culture would be difficult, 
and that, if it was successful it might provide methods for the cultivation of 
some of the other specific viruses of man and animals The results obtained 
are presented herewith 

Materials 

A stram of virus used for vaccination in the central portion, of the United States 
was obtamed through the courtesy of Dr Shope It had probably been passed by 
moculation through a senes of swme and is highly virulent for them, causing a tern 
perature and marked prostration m 2| to 3 days after intramuscular mjection Swme 
that are killed after 3 or 4 days of fever show relativel> few lesions the lymph nodes 
are enlarged but seldom hemorrhagic and a few hemorrhages are found under the 
capsule of the kidneys If the animals are allowed to hve for a longer period of time 
after injection, other characteristic lesions of hog cholera appear The virus is 
neutralized by an anti hog cholera scrum produced m the eastern Umted States bv 
one of the large commeraal houses 

4‘>7 
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The swine used were raised on the grounds of the Department and were a cross 
between Chester AMutes and Jersey Reds The stock has not been vaccinated 
against hog cholera and has been free from disease AH moculated animals w ere kept 
under stnet isolation, one animal to a unit, and their temperatures were taken at 
least once daily The}’ w ere autopsied after they had had fever for 3 or more days 

Simms’s (2) modification of Tj-rode solution was used for tissue suspensions and 
dilutions were made in buffered salt solution Fertile chicken eggs incubated 10 days 
and prepared by Burnet's technique (3) were used in some of the evpenments 

Testicle tissue has been used because it is readily obtained without killing the ani- 
mal and one pig will provide tissue for two experiments Pigs weighing 60 to 90 lbs 
were etherized and one testicle was removed This was immediately brought to the 
laboratory, flamed, and uncooked tissue removed from the intenor, minced with fine 
scissors, and transferred to culture medium 

Methods and Results 

Culture on Enibryonated Eggs — ^WTien the work was started it seemed prob- 
able that some different techmque would be necessary to propagate the virus, 
and it was deaded to make use of the observation by Murphy (4) that mam- 
mahan tissue placed on the chorioallantoic membrane of embrj'onated eggs 
w ould live for a considerable penod of time 

Virus, t e defibnnated blood from a pig bled 3 da>s after the development of tem- 
perature follow mg inoculation with virus, plus Tj’rode solution w as mixed with minced 
swine testicle, and after standing about 10 minutes a small amount of tissue was 
depiosited by means of a large calibre pipette on the chorioallantoic membrane of eggs 
contaimng 10-da> embryos The openmg in the shell was covered with Scotch tape 
and the eggs w ere incubated at 37°C for 3 days The eggs w ere then opened, and the 
membranes removed, ground, and suspended m Tyrode solution to approximately a 
10 per cent suspension (If the activitj of the suspension was to be determined 
10 per cent suspensions of the membranes were made ) This suspension was mixed 
wnth fresh minced swane testicle and eggs were again inoculated This process was 
repeated ever} 3 dajs Occasionallv the eggs became contaminated and it was 
necessarj to go back to matenal from earher transfers that had been preserved in the 
refngerator or dried The amount of dilution at each transfer cannot be calculated, 
but It IS at least 1 10 and probably much greater The membrane suspensions were 
tested for xarus at intervals and the results are gi\en in Table I 

It v ill be seen that \ irus was demonstrated up to the 13th transfer, when the 
experiment was discontinued, and that a large amount was present since 1 X 
10“’' cc of membrane suspension from the last transfer v as sufficient to produce 
disease in a pig The matenal from the 10th transfer, v hich is show n in the 
table to be highl} infectious, was also injected subcutaneously into two pigs, 
each pig recening at the same time, but in another area, 24 cc of anti-hog 
cholera serum One pig recen ed 1 X 10“* cc and the other 1 X 10“^ cc of the 
membrane suspension Neither pig sho\ ed a temperature and later both v cm 
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found to be immune to the onginal virus Smce oiu: pigs have always been 
susceptible, this experiment shows that the passage virus was neutrahzed by 
anti hog cholera serum and that immunity followed the simultaneous injection 
of immune serum and virus 

There has been no evidence for the adaptation of the virus to the egg On 
three different occasions during the course of the expenments membrane sus 
pension that had been tested and found jiositive for virus was transferred to 
the chonoallantoic membrane of 10 day embryonated eggs without swune 
tissue The eggs were incubated for 3 days, the membranes then suspended, 
and a fresh lot of eggs inoculated After 3 days mcubation the membranes 
from this lot of eggs were suspended and mjected into swine None of the 
swme developed a temperature and all were later shown to be susceptible to the 

TABLE I 


Tests for Eog Cholera Vtrtu in Suspensions of Chonodlantotc Membranes on Which Were 
Deposited Minced Smne Testicle and Vtrus 


1 

Amount of 10 per cent mem 


Pass&{ie 

brane tuipensloa that pro- 
duced bog cbolcn 

Remarks 

1 

€ 

tt 

1 X 10-* 

Higher dilutions not tested 

9 

1 X io-‘ 

19”® cc not tested, 10"’, 30*® and 30*® 



cc negaUve 

10 1 

1 X 10-'* 

10"’ and 10"* cc negative 


1 X 10-* 

Higher dilutions not tested 

13 1 

1 xio-' 

' 


• The protein nitrogen In the 10 per cent membrane suspension was 0 55 mg per cc. 


virus From eggs m the 12th transfer membranes and embryos were removed 
and a 10 per cent suspension was made of each 1 X 10~* cc of the embryo 
suspension produced acute hog cholera, whereas 1 X 10~^ cc did not The 
membrane suspension was titrated at the same time and 1 X 10^ cc caused 
acute hog cholera The virus m the embryo suspension evidently w’as a con 
tamination from the membranes, for if the virus had invaded the embryo we 
would expect that it would be present in a greater concentration than could be 
demonstrated 

Two tests were made to determine whether the passage virus w ould mcreasc 
in chick embryos inoculated intravenously b> the method described by Eich 
horn (5) The starting matenal was a pro\cd infectious suspension from the 
12th passage on the chorioallantoic membrane m the presence of swine testicle 
In one expenraent this matenal was injected intravenously into a set of eggs 
and after 24 hours a 10 per cent suspension of the embryos was made and 0 1 
cc of a 10-2 dilution was mjected into each egg in a second set A 10 per cent 
suspension of the embryos m this second set was made after 24 hours incubation 
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and 1 cc injected into a pig, \\ith negative result The experiment was re- 
peated and the eggs were kept 3 days alter inoculation instead of 24 hours 
An embryo suspension from the 2nd passage failed to produce hog cholera 
when injected into a susceptible pig 

Search was made for a contaminating virus in matenal from the 11th trans- 
fer Guinea pigs and rabbits gi\ en intracerebral and subcutaneous injections 
showed no nse in temperature and no evident illness Mice injected intra- 
cerebrally hv ed for a month, and w hen they w ere finally disposed of w'ere in 
good condition Fiv'e mice, while under ether anesthesia, were inoculated in- 
tranasally with virus Two were killed after 3 days and the remaining three 
after 20 daj's, and the lungs of all were found to be negative The vurus pro- 
duced no lesions on the chorioallantoic membrane of eggs that contained 10- 
da> embryos These negative results make it extremely unlikely that a con- 
taminating virus was present 

Flask Cultures — Along w ith the transfers in eggs as described above, cultures 
in Maitland’s medium w ere earned 

3 cc of Tyrode solution and 1 cc of sterile swine serum were combined m a SO cc 
Erlenmejer flask To this was added a small amount of minced swine testicle and 
0 5 cc of hog cholera virus After 3 daj s incubation 0 5 cc of the first culture w as 
transferred to freshly prepared medium After 4 transfers the scrum was omitted, 
the medium then consisting of 4 5 cc of Tvrode solution plus swine tissue and 0 S cc 
of the previous culture The dilution was then 1 10 at each transfer 

Virus was demonstrated in the cultures made at the 3rd, 6th, 9th, and 14th 
transfers In the 14th transfer, 1 X 10“* cc of culture produced acute and 
charactenstic hog cholera 

Culture on Senun Agar — At about the time the above work was completed, 
reports of the culture of a number of viruses on serum agar plus minced embryo 
tissue began to appear (6-8) All these experiments w ere based on the studj 
made b> Zinsser and Schoenbach (9) and the application of these studies to the 
culture of tj^phus nckettsiae A tnal was made and it was found that the hog 
cholera virus also could be cultured in this way The medium was the same 
as that desenbed bj Zinsser et al (10) except that Simms’s (2) modification was 
substituted for the regular TjTode solution and serum from normal swine was 
used 

The serum v as filtered through Seitz pads and stored in sterile containers Two 
parts of this were mixed wnth 3 parts of double strength T>Tode solution, passed 
through a sterile Berl efcld N filter, and then mixed wnth 3 parts of sterile 3 per cent 
Difco agar in distilled water The medium was transferred to Kolle flasls with a 
neck shaped to hold a No 8 rubber stopper or to test tubes measuring 18 X 18 cm 
These tubes, as well as the Kolle flasks, v ere closed with rubber stoppers after in- 
oculation 
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Minced swine testicle to which the moculum had been added was ^read over the 
surface of the sohd serum agar After 2 or usually, 3 days incubaUon at 37®C the 
tissue was washed off into 10 cc of buffered salt solution or Tyrode to each Kolle 
flask This was usualli diluted approtimateiy 1 10 and passed through sterile 
Berkefeld filters before fresh inoculations were made 

The starting matenal was not the onginal hog cholera virus but was the ma 
tenal from the 13th passage on eggs An additional 13 passages on the serum 
agar have been made and virus was demonstrated bj svvme inoculation as 
shown in Table II The dilutions for swme moculation were made m buffered 
salt solution without serum and the swine were immediately injected intra 
muscularl> 


TABLE n 


Tests for Hog Cholera Vtrtis tn Suspenstons of Tissue from 2 Day Cultures on Swno Serum Agar 


P&auge 

Btateriftt 

Pfolfus mtngeo 
ptrci: ofuQdi 
luted loftterUl 

Lcut amount cauiing 
hog cholera 

1 

Not centrifuged 

«r 

0 71 

e 

1 X 10-’ 

9 


1 — 

1 X Id-'* 

10 , 

Ceatnfuged and superaataot used 

1 05 

1 X 10-** 

n 


0 83 

1 X 10-*<* 

12 

‘ 

— 

1 X 10-’ 

13 


1 0 57 

1 X 10-* 


• Higher dJuUons not tested 

•• A pig receiving 1 X cc of this matenal intramusculaily in the hind leg and 24 cc. 
of anti hog cholera serum subcutaneously m the anllae showed no illness » e the vims was 
neutralized 


STJUUARY 

The work of Hecke on the cultivation of hog cholera virus was confirmed with 
ease Virus was grown in the presence of fresh mmced swme testicle m flasks 
contaimng Tyrode solution on the chonoallantoic membrane of erabryonated 
eggs, and on the surface of swme serum agar In flasks it was grown for 14 
transfers, while on eggs it was grown for 13 transfers, followed by an equal 
number of transfers on agar, making 26 transfers m all Only one strain of 
virus was used and we do not know whether all strains can be cultivated so 
readily or whether we were particularly fortunate in the selection of the strain 
used Neither do we know whether swme testicle is better than other tissues 
for growth 

The cultured vims produces chaiactenstic hog cholera when injected into 
swme, and its effect can be neutralized with commercial anti hog cholera serum 
No evidence of attenuation of the virus was obtained, the last culture being 
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highly Virulent when small amounts were injected No evidence for the 
adaptation to the egg could be secured, since passages without swine testicle on 
the membrane or intravenously for 2 transfers resulted in a loss of the virus 
No contaminating \ irus that might favor the cultivation could be detected by 
animal or egg inoculation 

Not only has the virus been cultivated but it has been demonstrated m large 
amounts in the culture Four suspensions containing shghtly over 0 5 mg of 
protein nitrogen' produced tj^ncal hog cholera when 1 X 10“^ cc w as injected, 
and one suspension made in the same way w’as active m one-tenth this amount 
Few titrations on what is commonly known as hog cholera virus, ^ c the serum 
from acutely ill pigs, are available We made one such titration and produced 
a delayed disease w ith 1 X 10“^ cc of infectious serum It seems probable that 
the culture virus is more active than the commonly used virus and that its 
practical use m hog cholera vaccination and hypenmmunization would result 
in a considerable saving 

All of the methods used yielded active cultures, but the serum agar method 
IS the one of choice since larger amounts of suspension can be obtained w ith less 
labor 


BIBLIOGRAPHY 

1 Hccke, r , Cciitr Bakt , 1 Abl , Ong , 1932, 126, 517 

2 Sunms, H S , ated b> Sanders, M , Arch Path , 1939, 28, 541 

3 Burnet, F M , / Path and Bad , 1933, 37, 107 

4 Murph} , J B , / Med 4js« , 1912, 69, 874 

5 Eichhom, E A , Science, 1940, 92, 245 

6 Kurotchkin, T J , Proc Soc Exp Biol and Med , 1939, 41, 407 

7 Cheever, F S , Proc Soc Exp Biol and Med , 19Z9, 42, 113 

8 Pang, K H , Proc Soc Exp Biol and Med , 1940, 43, 755 

9 Zinsser, H , and Schoenbach, E B , / Exp Med , 1937, 66, 207 

10 Zinsser, H , FitzPatnck, F , and Wei, H , J Exp Med , 1939, 69, 179 


' These deterrmnations were kindly made by Dr Roger M Hemott 



NEUTRALIZING ANTIBODIES IN HUMAN SERUM AFTER 
INFLUENZA A 

The Laciw of Strain Specifictty in the limuNOLOGiCAL Response 
By F L HORSFALL Jr. M D and E R RICKARD, M D 
{From the Laboraiorus of the Iniemaitonal Healih Division of The Rockefeller 
Foundation New York) 

(Received for pubbcatioc, July 11, 1941) 

Magill and Francis (1), by means of neutralization tests with specific immune 
animal serum, demonstrated that there were antigemc differences between 
certain strains of influenza A virus (2) This discovery was confirmed and 
considerably extended m subsequent investigations by these authors (3, 4) 
and by Smith and Andrewes (5) Magill and Sugg (6) reported that ^ith 
human serum the titer of neutralizing antibodies may be dependent upon 
the virus strain used in the test They also reported that during convalescence 
from influenza A neutralizing antibodies against several antigemcally different 
strains of the \irus were increased though not always to the same extent 
Taylor and Dreguss (7) obtained essentially similar results Andrewes, Smith, 
and Stuart Hams (8) presented evidence which mdicated that influenza A 
might also result m the production of antibodies against swine influenza virus 
This findmg was confirmed by Hare and Riehm (9) 

The fact that there are quantitative, though not quahtative, antigemc 
differences between strains of influenza A virus w^ould senously complicate 
the study of immunity to influenza A if it were foimd that human beings pro- 
duced a relatn ely strain specific antibody response to infection by a particular 
virus strain On the other hand, if, as seems probable from the results obtained 
by other in\estjgators, there is a broad immunological response to influenza A 
in human bemgs, the importance to man of antigenic differences between strains 
of the virus diminishes m proportion to the breadth of the antibodj response 
and its persistence m time 

It IS the purpose of this paper to present evidence which mdicates that 
irrespectn e of the time which elapses after the onset of the disease, there is an 
almost complete lack of stram speafiaty in the immunological response which 
follows influenza A 

Malertdls and Methods 

— Serum specimens were obtamed from five adult patients who u ere confined 
in one ward of a state institution and who were ill with mfluenza A at approxunatel> 
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the same tune durmg Februan', 1939 The epidemic affectmg this institution has 
been descnbed previously (10) Specimens of serum were taken durmg the acute 
phase of illness from 2 to 4 days after the onset Additional serum speamens were 
obtamed approximately 10, 18, and 25 da> s, as w ell as 2, 3, 8, and 12 months, follow ing 
the beginning of illness 

I'^inwcs — Three antigenicall> different strains of influenza A virus were used 
(o) Stram 399 was isolated from the nasophaiymgeal washings of one of the patients 
in this senes (Case No 1 ) After 9 serial passages in ferrets this strain w as established 
in mice, in which species it was earned through 15 serial passages Tivo suspensions 
of mouse lungs infected with this strain were employed The 50 per cent mortality 
end points of these two suspensions were 10”^ ® and 10“® respectively 

(6) The PR8 strain (11) after preliminary ferret passages had been carried through 
332 senal passages m mice The 50 per cent mortalitj end point of the suspension 
used was 10"® ® 

(c) TheW S strain (12) was obtained through the courtesy of Dr C H Andrew cs 
Exact data as to the number of animal passages are not available The 50 per cent 
mortalitj end point of the suspension used was 10"® ® 

One strain of swine influenza virus (No 1976), which was obtained through the 
courtesj' of Dr R E Shope, was used The suspension had a 50 per cent mortality 
end point of 10"* ' 

Standard suspensions of mouse lungs infected with each of the viruses mentioned 
abo\ e w ere prepared as descnbed prenouslj (13) and w ere stored in a low temperature 
cabmet (14) at — 76°C 

NaUralization Tests — Neutralization tests with each of the virus strains indicated 
aboie were earned out on the vanous serum specimens from each of the five cases of 
influenza A The technique of the neutralization test has been described previously 
(10) A constant quantiU of the desired strain of virus was mixed with serial four- 
fold dilutions of serum Serum dilution end points and virus titration end points 
were calculated b> the 50 per cent mortalitj' method of Reed and Muench (15) 
XeiUraJiziiig Capacity — The ncutrahzing capacitj' of each serum against each strain 
of virus was calculated from the results of the neutralization tests by means of the 
equation 

log 6 «= log j — (o log x) (16) 

EXPERIMENTAL 

The neutrahzing capacities of multiple serum specimens obtained from 
fiv e cases of influenza A w ere determined against three antigemcally different 
strains of influenza A virus and one strain of swine influenza virus The 
results are presented in Table I It will be seen that m the serum of Case 1, 
from whose nasopharj'ngeal washings Strain 399 was recovered, there occurred 
an increase m neutralizing capaatj of more than log 2 60 against the homolo- 
gous strain of v irus follow ing infection Closelj similar increases in antibody 
level were also observed with both the PR8 and W S strains of influenza A 
V irus, as well as w ith sw me influenza v irus 

It will also be noted that, with the single exception of Case 2, all five cases 



TABLE I 

The NnUrdi ing Capacity of Buman Serum against Anitgentcaily Different Strains of Influent 
A Virus and Svnne Infiuen a Virus at Intervals Follovnng Infiuen-a A 


NeatraUung cspaciCjr of somrn tfiiost differeat rfnises 


Case No 

Days after onset 
of illness 

PR 8 

Influenza A virus 

399 

Swine influenza 
virus 


1 

1« 

Iffj 

iff! 

let 

1 

3 

3 93 or < 

4 12 or < 

2 36 or < 

3 19 

(Source of 

n 

6 53 

5 99 

4 96 

4 93 

strain 399) 

18 

6 75 

5 99 

4 96 

4 78 


25 

6 53 

6 29 

4 96 

4 93 


60 

5 67 

5 99 

4 53 

— 


90 

5 05 

5 70 

4 S3 

3 92 


240 

4 94 

4 99 

3 67 

4 32 


360 

4 62 

4 81 

— 

3 48 

2 

3 

5 80 

4 00 

1 83 or < 

5 97 


11 

7 62 

4 57 

4 27 

7 47 


18 

7 40 

4 57 

4 27 

6 99 


25 

7 62 

4 43 

3 56 

6 56 


60 

6 53 

4 00 

3 41 

6 56 


90 , 

6 10 

4 43 

3 23 

6 13 


240 

5 67 

4 57 

2 70 

5 83 


360 

5 74 

4 43 

2 70 

6 13 

3 

2 

5 67 

5 86 

4 05 or < 

5 83 


10 

7 62 

7 44 

6 65 

7 43 


17 

7 40 

7 59 

6 65 

7 28 


24 

7 40 

7 44 

6 65 

7 28 


59 

6 5o 

6 95 

5 93 

6 31 


89 

6 53 

6 95 

5 35 

7 28 


239 

6 23 

6 29 

>5 78 

6 56 


360 

5 SO 

6 72 

4 92 

6 40 

4 

2 

4 62 

4 12 or < 

3 18 or < 

4 83 


10 

6 96 

5 99 

4 92 

6 13 


17 

6 53 

5 86 

4 92 

6 13 


24 

5 67 

4 99 

4 92 

6 40 


59 

5 51 

4 99 

4 92 

5 54 


89 

4 80 

4 99 

4 Oo 

5 70 


239 

4 so 

4 81 

4 05 

5 54 


— 1 

— 

— 

— 

“ 

5 

4 

5 96 

6 72 

4 92 

5 26 


12 

7 70 

7 74 

6 21 

6 71 


19 

7 <0 

7 84 

5 93 

7 28 


26 

8 12 

7 32 

— 

— 


61 

6 53 

7 IS 

5 93 

6 30 


241 

5 80 

6 72 

4 92 

6 13 


360 

5 67 

6 72 

4 92 

5 54 


2-4 

5 20 

4 96 

3 27 

5 02 

al] 

10-12 

7 29 

6 35 

5 40 

6 53 


17-19 

7 16 

6 37 

5 35 

6 59 


24-26 

7 07 

6 09 

5 02 

6 29 


59-61 

6 15 

5 81 

4 94 

6 18 


1 89-90 

5 62 

5 52 

4 29 

5 76 


: 239-241 

5 49 

5 48 

4 23 

5 68 


! 360 

5 45 

5 67 

4 18 

5 39 
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w ere found to have produced almost identical quantities of neutrahzing anti- 
bodies against each of the virus strains used Although in the sera from Case 2 
similar concentrations of antibodies were found against Stram 399 and the 
PR8 strain of influenza A virus, as ell as swine influenza virus, only a slight 
increase in antibodies was demonstrable against the W S strain 
The acute phase sera of the five patients varied considerably m their 
capacities to neutralize the different virus strams Nevertheless, the acute 



Fig 1 Mean neutralizing capacities against three antigenically different strains 
of influenza A \'irus and swune influenza virus of serum obtained from five cases of 
influenza \ at intenak after onset 


phase serum from each indiMdual had a relatnely constant neutralizing ca- 
paat> against the PR8 and S strains of influenza A virus and swine in- 
fluenza virus In the acute phase sera of all cases, however, the neutrahzing 
capacities against Strain 399 w ere definitely low er than against the three other 
V iruses 

In Fig 1 the mean neutralizing capaaties of the sera of the five cases against 
each of the four viruses are shown graphically The mean neutralizing ca- 
paaties have been plotted against the time after chnical onset at which the 
sera were obtained, and the experimental pomts have been connected by 
straigat hnes It seems apparent that in these five cases of influenza A the 
observed increases m neutralizmg antibodj levels which followed infection 
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were as readily demonstrable when one strain of influenza A virus was used 
as when another antigenically different stram was employed Furthermore, 
closely similar alterations in antibody levels were also encountered even when 
the antigemcally distant swine influenza virus was used in the neutralization 
tests It will be observed that the shape of the mean antibody level time 
curves showm in Fig 1 were almost identical irrespective of the strain of m 
fluenza A virus against which the sera were tested, and that even in the case of 
swine influenza virus, similar alterations in ncutrahzmg antibodies with time 
were found 

Not only were the shapes of the antibody level curves similar, but under the 
conditions of these experiments it was found that the mean concentrations of 
neutrahzmg antibodies, at any interval studied, agamst the PR8 or W S strains 
of influenza A virus or even swme influenza vims were not very different 
However, the mean antibody levels found when Strain 399 of influenza A vims 
was used in neutralization tests were at each interval definitely low er than those 
obtained with the other virus strains It will be recalled that Strain 399 was 
recovered from the nasopharyngeal washings of Case 1 This strain of virus 
was not only causally related to the illness observed in Case 1 but undoubtedly 
was either antigemcally very similar, if not identical, to those strains of virus 
which were assoaated etiologically with the disease encountered m the other 
four cases under study It should be pomted out that Strain 399 had been 
earned through only a relatively small number of passages in mice and there 
fore, It may not have acquired full virulence for this speaes Under these 
arcumstances the 50 per cent mortality titration end point may not have given 
a fair indication of the quantity of virus present m the suspension If a greater 
number of virus particles actually were contained in the suspension than imght 
have been expected from the results of the titrations, it seems obvious that the 
determmed neutrahzmg capacity of a scrum would apparently be lower than 
otherwise 

It has been shown previously (17) that the increased antibody levels which 
follow influenza A rapidly dedme The results shown m Fig 1 present ad 
ditional evidence m this regard It wiU be seen that even between the 11th 
and the 25th day after onset of the disease there was with each of the strains 
of vims used an indication that a shght decrease m antibody concentration 
had occurred The progressive lowermg of neutrahzmg capacities continued 
during the 2nd month after onset and was somewhat more rapid during the 3rd 
month Between the 3rd and the 12th months relatively little additional 
decrease in antibody level occurred Three months after onset the mean 
neutralizing capacity against the four virus strains of the serum of the five 
cases was only log 0 65 higher than during the first days of their illness, and at 
12 months it was but log 0 45 greater than in the acute phase of the disease 
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mg e\en the simplest conditions favorable to the survival of the parasites 
in 'uiiro Bass and Johns (2) indicate that human malaria parasites must be 
anaerobic and that dextrose favors theu: survival Manwell and Hewitt (15) 
stored P praecox in sealed tubes, but Hewitt (11) states that P cathcmerium 
parasites seem to do better if spread m a very thin layer and hence under far 
from anaerobic conditions Manwell and Hew itt (15) could not find any favor- 
able effect of various concentrations of dextrose Therefore it appeared 
desirable to undertake a somewhat systematic study of the effect of various 
in vitro conditions on the survival of malaria parasites 

Some care must be exercised in the interpretation of survival For example, 
it IS w ell knowm that many organisms can survive unfavorable conditions for a 
longer time at lower temperatures than at higher ones This is true of malaria 
parasites too Plasmodium praecox in citrated blood at 4-6°C retained its 
infectivity for 5 days (13), P gaUtnaccum m defibrinated blood at 0-5°C 
remained infective for 21 days (9), and P hicrtvlesi and P mm could be main- 
tained in the frozen state at — 76°C for 70 days or longer (6) The brief 
survival of P praecox (IS) and of P mm (3) at 25°C but not at higher tem- 
peratures has already been noted But certainly low temperature is not the 
kind of condition for survnval which is of importance in attempts at the ultimate 
development of a culture method, for the malaria parasites of mammals and 
birds de\elop, in nature, at temperatures of 37 5 to 42 or 43'’C Very low 
temperatures are effective for the preservation of the parasites m a state of 
suspended animation for relatively' long periods But in the studies presented 
in this paper no effort has been made to obtain long preservation The aim has 
been rather to study' the comparative effects of a variety of agents and condi- 
tions on survival at temperatures which would be likely to bring about either 
dev elopment or rapid death of the organisms 

It IS also necessary' to estabhsh suitable criteria for the determination of 
surv'ival Malaria parasites are typically non-motile Something can be 
said as to their condition by' observing their microscopic appearance in fresh 
and stained films But, as Manwell and Hewitt (15) have already empha- 
sized, the most objective and reliable criterion of survival is the ability of the 
parasites to infect a susceptible host If the infectmty test is to be used for 
anv extensive senes of experiments, it is essential that the susceptible host be 
an experimental animal readily' available in large numbers It was largely 
for this reason that Plasmodium lophurac (5, 24, 25), a parasite capable of 
mfecting chickens, was selected as the material for the experiments reported 
in the present paper Ml of the experiments to be described w ere concerned 
with those stages only of the parasite which develop in the vertebrate host 

Methods 

Tie Mair'erarce of Strati s of Ptasrrodium lopkurae — 4 strain of this parasite vws 
obtained through the Lindners of Dr L T Coggeshall and has been maintained by 
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passage every 6 days m baby chicks At each transfer, 0 05 ml of heparinized blood 
from the heart of a heavily infected chick is inoculated mtxacerebrally under ether 
anesthesia to each of a number of 2 day old chicks weighing about 25 gra In such 
young chicks the intracerebral method of inoculation is fully as rehable m produang 
heavy infections which reach their peak on the Sth or 6th day as is the mtra\enous 
method used by Terzian (24) for 40 to 50 gm chicks Moreover as judged bj the 
minimum number of parasites required to produce an apparent infection 2 day old 
chicks inoculated intracerebrally are considerabl> more susceptible than approiu 
matel> 1 week old chicks inoculated intravenously (see section on infectivity) 

A strain of the parasite has also been maintained m duckhngs 1 to 3 weeks old (3i) 
At each transfer 0 2 to 0 5 ml of heparinized blood from the heart of a heavily in 
fected duckling 6 days after its inocuktion is injected mtracardially into each of 2 or 
3 fresh birds The first duck inoculated iiVith heavily infected blood from baby chicks 
showed only a light infection but since the third duck passage a heavy infection is 
regularly obtamed which usually reaches its peak on the 5th day By submoculatuig 
on the 6th day it is p<«sible to raamtam a high parasite level which at the same time 
pemiits most of the hosts to survive 

Preparation of Parasite Material jar the SiimTol Tests — F rom the heart of a 1 week 
old chick mfected 5 da>s previously with P lophuroe it is possible to obtain 1 to 1 8 
ml of blood representing at the most only 0 3 to 0 6 ml of red cells About 10 ml of 
blood can regularly be obtamed under stcnlc conditions from the heart of a ducken 
weighing about 300 gm Hence it seemed desirable to use birds of this size as a source 
of parasites for the survival tests One chicken could then yield enough material for 
a considerable senes of preparations However the chicken shows a marked age 
immunity toward P hphurae (5 22 25) This difficu]t> has been overcome by the 
use of chickens injected intrapentoncally into the ventral nght postenor portion of 
the peritoneal cavity with S ml per 100 gm body weight of a IS per cent by volume 
dilution contammg 0 85 per cent sodium chloride of Higgins Ftemal black writing 
ink (30) This amount of ink was administered on the day before moculation with 
P lophurac on the day of inoculation and for 2 or 3 days thereafter Each chicken 
was inoculated intracardially with 0 8 to 09 ml of pooled hepannized blood from 
heaviiv infected baby chicks 4or5da}’safteruioculatiOD blood was taken aseptically 
from the heart of a chicken showing a sufficiently heavy infection into a s> nnge con 
taming an appropriate volume of hepann sodium chloride solution (0 05 ml per ml of 
blood to be taken) The hepannized blood was centnfuged for 5 mmutes the plasma 
was drawm off, and the cells were resuspended m the proper volume of a speaal bal 
anced salt solution (see section below) 

When parasites from ducks were desired a 2 or 3 week old duck on the 4th or Sth 
day of its infection was bled m the same manner as the ink treated chickens and the 
blood was treated m an identical way 

Media Used and Preparation of tfie Survival Tests— It appeared useful to ha\e a 
suitable balanced salt solution for the washmg and suspension of infected red cells as 
a diluent for various cell and organ extracts etc. Since malana parasites h\e within 
the red cell and smee the interior of the red cell has a very different composition from 
the serum which bathes it an attempt was made to construct a balanced salt solution 
based on available knowledge of the composiUon of red blood cells, and on certain 
general considerations The composition of this solution to be designated hereafter 
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as solution K, is giv en m Table I, together wnth the composihon of Tyrode’s and 
Locke’s solutions Both of the latter roughly approach the composition of serum, and 
It will be noted that solution K has a much higher potassium content, a higher phos- 
phate content, and a loiier pH, m keeping with the properties of red cells as compared 
with serum (1, 16-18, 23) The potassium content of solution K is 330 mg per cent, 
as compared with a measured potassium content for goose erythrocj'tes of 230 mg 
per cent and for goose serum of 11 S mg per cent (18) In the preparation of solution 
K., as well as of all other solutions, reagent salts, Pfanstiehl dextrose, and double- 
distilled water were used Such soluhons were sterilized by filtration through a 
Berkefeld N filter In some of the experiments it was convenient to have sterile 

TABLE I 


The Composition of Solution K, and of Tyrode’s and Locke’s Solutions 


1 

SotuUoa K 

Solution K 

Concentration 

Tyr ode's 

Locke’s 


tm pet titer 

mu per liter 

mu per liter 

mu per liter 

NaCl 

3 039 1 

52 0 

136 8 

154 0 

KCl 

4 too 

55 0 

2 6 

5 6 

NaH-POi HjO 

0 690 

S 0 

0 4 

— 

K-HPOi 

2 613 

IS 0 

— 

— 

NaHCOj 

0 168 

2 0 

5 9 

2 4 

CaCh 

0 166 

1 5 

1 8 

2 1 

MgSOi 7H:0 

0 370 

1 5 


1 

MgClj 6H:0 

0 407 

2 0 

0 5 

— 

d Glucose 

2 377 

12 0 

5 0 

12 6 

Total molanty 

140 0 

ISO 5 

1 

170 4 

pH 

mm 

7 3-8 0 

7 4 


concentrated solutions of the vanous constituents of solubon K and to mix in stenle 
tubes the appropriate amounts of these and of stenle distilled water 

Hepann was the chief anticoagulant employed A solution of 13 6 mg of Con- 
naught highlj purified hepann was prepared in 50 ml of 0 85 per cent sodium chlonde 
solubon This was placed in small tubes and autoclaved, and the tubes were then 
capped vnth parafilm and stored in a refngerator In several expenments, solution 
K was modified so that it contained no calaum and, per hter, 5 0 gm of sodium at- 
rate and onlj 2 046 gm of sodium chlonde This “atrate solution K” could then 
be used as the anbcoagulant 

Earl> m the course of the work it became apparent that chid en red cell extracts 
greatl% favored the survival of P lophurae These extracts were usually prepared in 
the following manner Blood was taken asepticallv from the heart of 1 to 2 month 
old chickens and was defibnnated b> shal ing with glass beads (or, more rarely, an 
anbcoagulant was used) The blood vas then centnfuged 5 minutes at a low speed 
and the serum (or plasma) dra^m off The cells v ere frozen b> immersion of the 
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centnfuge tube in an alcohol dry ice mixture, and the> were then allowed to thaw 
slowl> in an incubator at 40“C When they had thawed, the resulting dark red vis 
cous hquid was mixed with an appropriate volume of diluent as solution K and the 
mixture W'as centrifuged at the high speed of an ordinary centrifuge for 1/2 to 1 hour 
The clear red supernatant liquid was then drawn off and stored in a refrigerator at 
8~9®C until used Warburg (31) showed that a single freezing and thawing of avian 
red cells did not dimmish their respiration and that even the nucleus free fluid showed 
a slight OX) gen consumption Red cell extracts were prepared 1 to 3 days before use 
The term “dilute red cell extract’ m the tables givmg the expenmental results refers 
to extracts m which the volume of diluent was at least twice the volume of red cells 
For concentrated extracts a volume of diluent equal to that of the cells was used 
With smaller volumes of diluent practicall) no nucleus-free supernatant liquid could 
be obtained since the frozen thawed cells after dilution and centrifugation had an 
appreaabl) greater volume than the untreated cells For this reason, attempts to 
get very concentrated chicken erythrocyte extracts free from the cell nuclei have thus 
far failed- However in some of the work the frozen thawed red cells themselves 
either undiluted or shghtly diluted were used 

Chick embryo extracts were prepared as follow's 10 day old embryos were removed 
asepbcally nnsed m a small dish of solution K, and their eyes removed The embryos 
were then transfened to another sterile dish m which they were mmced The mmced 
tissue was suspended m solution K used m the proportion of 1 5 ndL per embryo and 
the material was centrifuged 5 minutes at low sp^ The opalescent supernatant 
bquid constituted the extract Embryo extracts were prepared 1 day before use and 
were stored m a refrigerator 

The hver extract used for the experiments given m senes 4, 5 6, and 7 of Tables 
Vm and Dw was made by extracting overnight 250 gm of ground ducken livers 
(previously stored m the frozen state) m SO ml of atrate solution E at a pH of 6 4 
The mixture was heated m a water bath to 65-70 C and held at this temperature for 
10 minutes It was then squeezed through gauze and filtered through paper to give 
a dear dark amber filtrate The pH was adjusted to 6 7 the malenal was sterilized 
bj Berkefeld filtration and was stored m the refngerator After a few da>'s storage 
some sediment appeared Other U\ er extracts were prepared m an essentiall) similar 
manner 

All extracts refer to chicken matenal, unless otherwise stated Parasites from 
chicks were used onl> with ducken red cell extracts parasites from ducks onl) with 
duck red cell extracts 

In the preparation of the survival tests the media to be tried were pipetted into 
appropnate stenle ojntamers The parasite su^jcnsion was then prepared as rapidly 
as possible and the media were inoculated with it- AU the tests except a few pre 
hmmary ones were incubated at temperatures of from 39 S-42®C Small Erlen 
me)er flasks (Fig 1) proved to be the simplest and most effective type of contamer 
These 25 ml pyrex previously dcaned with deamng fluid, 10 per cent mine 

acid water and distilled water, and dned were plugged with gauze lined cotton plugs 
Over the mouth of each flask was placed a glass vial and the whole was stenhzed b) 
dry heat Each such flask usually received 2 ml of medium and 0 2 mk of parasite 
suspension The glass vial was then repbeed and sealed to the side of the flask wnth 
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a nbbon of parafilm This method of capping and seahng the flasks effectively 
pre\ented drying out of the contents and reduced the chances for contamination 
from the mouth of the flask Most of the flasks were opened daily for examination, 
being held at room temperature onlv as long as absolutely necessarj , and nere then 
resealed rsith a fresh nbbon of parafilm WTien a flow of gas through or over the 
medium was desired, a 7 5 X 2 5 cm vial or a SO ml Erlenmever flask iias used 
This was equipped with a rubber stopper beanng gas entrance and exit tubes, each 
with a bulb stuffed with cotton The gas was passed through distiUed water and 
through a trap bottle before entenng the expenmental container 

In many of the expenments, one- third to one-half of the volume of medium was 
replaced dail> with fresh corresponding medium which had been stored in the re- 
fngerator This was accomplished b> gentlv tilting the flask and drawing off a por- 
tion of the supernatant liquid, being careful not to suck up the sediment of red cells 
and parasites The quantitv of liquid drawn off was measured and an equal quantity 
of fresh medium, first warmed to 38-40°C , was then added 

Determination of Sunival — 

Morphology of the Parasites — ^The study of dned films stained in the usual manner 
with Giemsa has prov ed to be more valuable than the examination of freshly prepared 
wet films In most expenments, a Gicmsa-staincd dried film from each survival test 
was prepared and examined daily WTien most of the parasites presented much the 
same appearance as in blood smears from an infected animal the> were rated as good 
(G in the tables) ^\^len about half appeared degenerate, i e either the c> toplasm 
stained veiy darkly or the nuclei failed to stain, or both, the appearance \.as rated 
fair (F in the tables), and when most of the parasites appeared degenerate it was rated 
poor (P) It will be apparent from an examination of the results presented in the 
tables that the appearance of the parasites was not always a dependable indication 
as to their survival as judged by mfcctivity 

Tie Parasite Number — In some expenments, parasite counts were made per 1000 
red cells on the ongmal parasite suspension and on the smears prepared from the sur- 
V ival tests Since an effort was made to count only normal appeanng parasites, this 
second entenon of survnv al involves also the first one However, in favorable prepa- 
rations, dunng the first 2 or 3 days of mcubation many of the parasites do appear 
normal and some useful information can be obtamed from the counts Hemocytom- 
eter counts showed that in these preparations the number of red cells per a mm did 
not decrease sigmficantlv until the 3rd, and occasionally not until the 4th day Hence 
the relativ e parasite number dunng the first 2 day s is a dependable indication of the 
absolute parasite number 

IfJectiTity — InfccUvntv is a relativ e thing and has to be defined in terms of the 
actual operations used. For e.xample, Boyd (4) and Demidowa (7) showed that 
with small numbers of P praeeox the length of the prepatent penod vaned inversely 
w ith the number of parasites inoculated Boy d concluded that no apparent infection 
vas produced by less than 1000 parasites, but Demidowa, by injecting a much larger 
number of birds and follownng them for a much longer time, found that even a single 
inlected red cell could produce a visible infection (2 birds out of 70 injected) Ob- 
vnomlv no comparisons can be made between an experunent m v Inch conditions arc 
such as to detect an iniection produced by one or a few parasites surviving out of 
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millions ongmally present and an expenment in which no infection will be detected 
unless at least several hundred or several thousand infective parasites are present in 
the inoculum Fulton (8) states that 10 ml of blood infected with the monkey para 
site P and mixed With 0 1 ml of 50 per cent glucose solution was still infec 

tive 12 days later when it reached the United States from England Temperature 
conditions durmg transit are not stated but m any case it is known that only a verj 
few P hiovilesx injected into a rhesus monkey will produce a fatal infection Since 
the onginal blood probably contained a \ery great number of parasites the per 
centage survival may actually have been almost infinitesimal 

For these reasons it was necessary to discover the minimum numbers of P lophurae 
which would give infections apparent under the arbitrary standard conditions used to 
determine the infectivity of survival tests These conditions were as follows For 
each test of infectivit> two 2 day old chicks were inoculated intracerebrally under ether 
anesthesia with a measured sample of roatenal On the 7th day and again on the 
nth day after injection a Giemsa stained blood smear was prepared from each chick. 
Each smear was examined until parasites were found, but for a period not exceeding 
5 minutes If parasites were found in the 7 day smear the mfectivity was designated 
+ 4* if they were not found m the 7 day smear but were found m the 11 day smear the 
mfectivity was designated +, if they were not found in a S minute examination of 
both the 7 day and 1 1 day smears the mfectivity was designated — 

The mmunum numbers of parasites required to produce mfection under these 
standard conditions were determined by making suitable dilutions in 0 85 per cent 
salt solution of freshi) drawn hepannixed or atrated blood on which a red cell and 
parasite count was made. Two chicks were inoculated intracerebrally with 0 03 ml 
of each dilution and blood smears were made and examined 7 days and again 11 days 
later Seven experunents were performed using blood from infected chicks and 5 
with blood from infected ducks The results are given m Table II The extent of 
variation was not great espeaally when one considers that only two chicks were used 
to test each dilution, and that the chicks were not of a genetically uniform stock It 
can be said that on the average about 2000 parasites in chicken erythrocytes were 
required to produce an infection apparent on the 7th day, and about 200 parasites to 
pr^uce one just apparent on the 1 1th da> ’When the parasites were present m duck 
erythrocytes, much larger numbers were required to produce mfection m baby chicks 
as was to be expected In 4 out of the 5 experunents about 100 000 was the minimum 
number giving an mfection apparent on the 7th day At least about 10 000 parasites 
bad to be inoculated to produce an mfection just apparent on the 11th day It is 
interestmg to note that Teraan (24) using 50 gm chicks inoculated intravenously 
could not detect any infections if an moculum of less than 50 000 parasites (from 
chicks) was used even though smears were made for 18 days after inoculation This 
of course explains his inability to demonstrate latent infections m recovered birds 
By the use of the intracerebral techmque with 2 day chicks it has been possible to 
demonstrate parasites m the blood of a rooster 6 months and 1 year after recovery 
from the initial infection 

Since most of the survival tests contained ongmally 50 000 to 100 000 parasites 
per c mm it is obvious that an infection apparent m 7 days after the Inoculation of 
50 c mm could have been produced by only 2000 parasites or 40 per c. mm a survival 
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of less than 0 1 per cent In the more recent ej^erunents, suitable dilutions have 
been made to test for the survival of 40, 20, and 10 per cent of the organisms onginallv 
present For example, in testmg for 20 per cent survival of parasites in chick blood, 
the dilution nas prepared in such a nay that a dose of 20 c. mm contained 10,000 
parasites, on the basis of the onginal number present If one or both of the chicks 
inoculated with this dose showed infection on the 7th day, it could be concluded that 
at least 20 per cent of the parasites were shll infective In a similar test using pan- 
sites in duck blood it would be necessary to have 500,000 parasites in the dose of 20 
c mm In all the dilution tests, a dose of only 20 c mm was used, as this was never 
followed by leakage on withdrawal of the needle from the cranium 

TABLE II 

The Mtmmwn Numbers of Plasmoitum lophurae Required to Give at Infection Apparent, in a 5 
Minute Search of a Stained Blood Film, anthin 7 and anthin 11 Days after the Intracerebral 
Iroculalton of 1 to 2 Day Old Chicks vnth 003 Ml of Appropriate Dtluhons in Saline of 
Freshly Draivn, Parasitized Blood 


i 

Source of ! 

infected blood 

Expen 
zncnt^o , 

iUnimum No of 
parasites giving 
infection in 
7da>s 1 

Next lo-vcr 

No tested 

Minimum No of 
parasites giving 
infection in 

U days 

Next lower 

No tested 

Cbcks 


3,000 

300 

3,000 

300 



2,000 

1,000 

200 

— 



1,000 

500 

200 

— 

1 


600 

300 

250 

— 


s 

7,000 

700 

175 

90 


6 

850 

213 

213 

1 


7 

2,500 

i 640 

160 

— 

Ducks 

1 

150,000 

15,000 

15,000 

1,500 


2 

75,000 

, 7,500 

7,500 

750 


3 

170,000 

87,000 

11,000 

— 


i 4 

i 980,000 

240,000 

31,000 



5 

150,000 

74,000 

37,000 

18,000 


In the earher experiments it was found that infectivitj generally remained high 
dunng the first 2 day s of survival in nlro For this reason, and in order to save on 
the number of chicks used, in the later expcnments infcctivity tests v ere not begun 
until the 3rd day 

Exflagcllalioii of Ike Male Gamelocytes — ^In order to observe this, a drop of material 
from the survival test was placed between sLde and covcrslip and allowed to stand 
at room temperature for 20-25 minutes It was then examined for 5 minutes v ith a 
4 mm objective and 15 X oculars, and the number of actively motile exflagellants 
seen was determined When none was found in 5 minutes, the examination was 
usuallv prolonged to 10 minutes It mav be noted that 15-20 minutes is the time 
which usuallv elapses before exllagellation can be seen in a drop of blood removed 
from an mfected host and held at room temperature This entenon for survival is 
fuUv as objective as the entenon of infectivitv and very much simpler to carry out 
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Although It has thus far been used in only a few experiments it promises to yield m 
formation as rehahle as that obtained from the infectivity tests It is possible that 
conditions which are best for the survival and development of male gametocj tes are 
not best for the asexual forms This would be a most interesUng fact to determine 

RESULTS 

Rffect of the Balanced Salt Solution Used for Diluting 
Solution K was origmally prepared with only 8 miUunols of glucose per liter 
and a proportionately higher NaCI and KCI concentration (1 nuUunol of salt 
being considered as the osmotic equivalent of 2 miUimols of glucose) In this 
form the solution was tested against Locke’s and agamst Tyrode’s solution by 
mmng a httle infected blood with each solution in a small test tube and later 
observing the appearance and mfectivity of the material For example m one 
test, on the 2nd day of incubation at 36“C , the parasites in Locke’s solution 
presented a poor appearance and a — infectmty, while those m solution K had 
a fair appearance and a + mfectivity Again, in another test m Locke’s 
solution on the 2nd day the appearance was poor and the infectixity +, while 
m solution K the appearance was fair and the mfectivity + + Similar results 
were obtained m comparing solution K with Tyrode’s solution 
In another experiment, the same amount of the same parasite suspension 
was moculated to each of 6 tubes containing the following materials (1) Locke s 
solution, (2) Locke’s solution with an anti chick red cell rabbit serum, (3) the 
same as (2) plus complement (gumea pig serum), (4) solution K, (5) solution 
K with the anti chick red cell rabbit serum, and (6) the same as (S) plus comple 
ment After 1 day at 36'’C the mfectivity was ++ ui tubes 1 and 4, m tubes 
2 and 5 there was partial hemolysis and the mfectivity of tube 2 was — while 
that of tube 5 was ++, m tubes 3 and 6 there was apparently complete hemol 
ysis, and the mfectivity of tube 3 was — while that of tube 6 was -4- 

Effect of the Degree of Aeration 

Some typical results obtamed on this matter are summarized m Table m 
The exposure of P lophurae to air has evidently a very favorable effect on their 
survival t» oitro This was always the case, whether the extent of aeration 
was mcreased by spreading the parasites in a thin layer, by passmg a current 
of air, or by suspendmg them in a semisolid gel In preparations 2 and 3 of 
Table IH, the melted 2 per cent agar was brought to a temperature of 4S°C 
and added to the tubes after all the other mgredients had been put m The 
contents of the tubes were stirred vigorously and the tubes were plunged into 
a beaker of ice water for a mmute or two This rapidly set the medium into a 
semisobd gel in which the parasites were uniformly distributed It is also 
evident from Table III that a high oxygen tension as m almost pure Oj or 
95 per cent O and 5 per cent COi, was detrimental In several other experi 



TABLE rri 

Ejects of Aeration and High Oxygen Terston on the Survival of Plasmodium lopliurae 

at395-40°C 


No IVpc of preparation 

la Dilute frozen thawed red cell extract m 
solution K 1 ml in small test tube + 
0 2 ml parasite suspension Height 
of liquid 15 mm 

1 6 Same medium as for 1 fl 2 5 ml in 25 
ml Erlenme> er flask + 0 5 ml same 
parasite suspension Height of liquid 
4 mm 

2 4 ml dilute heat hemolyzed red cell cx 

tract in solution E + 0 5 ml parasite 
suspension first partl> hemolj zed with 
h\potonic red cell extract and then 
resuspended m isotonic red cell extract 
+ 0 5 ml 2% agar in isotonic NaCl 
solution Column in tube 4 cm high 

3 5 6 ml dilute heat-hemoh zed red cell 

extract + 1 6 ml parasite suspension 
+ 0 8 ml 2% agar in isotonic NaCl 
solution Column in tube 4 cm high 
4a 5 2 ml dilute frozen thawed red cell ex- 
tract in solution K 4- 0 8 ml parasite 
suspension in \ial to depth of 17 mm 
Current of air bubbled through 
45 Same as 4 a but no air bubbled through 
S a 2 5 ml frozen thaw ed red cell suspension 
-b 1 ml embn o extract + 0 3 ml 
h\ er extract -f 1 2 ml solution K In 
% lal w ith air bubbled through 
5 5 Same as 5 a but no air bubbled through 
6a 1 5 ml embrjo extract -b 0 5 ml h\cr 
extract -b 1 5 ml 4% agar to make 
solid gel in a 50 ml Erlenme> er flask. 
\dded 1 ml frozen thawed red cells -b 
0 4 ml parasite suspension Stream 
of CO-frec air passed o\ er surface 
65 Same as 6a but ox> gen passed o\cr I 
7 a 3 1 ml dilute red cell extract in solution 
E -b 0 4 ml embry o extract -b 0 1 ml 
li\ er extract -b 0 4 ml parasite sus- 
pension m SO ml Erlenme\er flask. 
Mixture of 95% 0-, 5% COj passed 
o\er surface 

75 Same as 7a but mixture of 95% air, 5% 
CO. passed o\ er surface 


Appearance* and infectivity** after days 


1 I 2 I 3 


F-b+ P- 


GH — b I G-1 — b 


G-bt r-b 
G-b F- 
r- F- 


G-b+t 

F-b+ 

F-b 


G-b+ G-b+ F-b+ r-b P+ 


G-b+ r-b p- 

G F-b F-b 


G r-b p- 
G G-b-b 


G r- 
G-b-b F- 


G-b-b G-b-b 



• In this and all subsequent tables, 

G *= all or most of parasites appear normal, 

F = some of the parasites appear normal, 

P •= few o* rone appear normal 
••In this and all subsequent tables, 

infection apparent 7 da\ s after inoculation of 2 day old chick intracerebrally with 

0 05 mk 0 ^ material , 

-t- = infection appa-ent II dais after inoculation, but not 7 days after, 

— = no infection afte- 11 days 

f In Eipenments 2 a.-d 3, samp’rs were lake-i from the top, middle, and bottom of the 
co'amn of semisolid gel in the tube Results a-e gii en in that order 
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ments, no difference could be detected between sur\'ival when air was passed 
through and survival when a mixture of 50 per cent air and SO per cent oxygen 
was passed through 

The Effects oj Glucose^ Glycogen, and Glulathxone 
Bass and Johns (2) found that glucose and maltose, but not a series of other 
sugars and related compounds, favored the survival of P falciparum Since 
then, no other detailed experimental work on the problem has been reported 
Fulton (8), however, measured the effect of various sugars on the rate of respira 
tion of suspensions of P knoulest Only glucose, levulosc maltose, mannose, 
and glycerol produced an increase m oxygen uptake as compared ^\ith that of 
parasites suspended in sugar free medium 
The results of several typical experiments on the effects of added glucose on 
the survival of P lophurae are given m Table IV In all the preparations red 
cell extract and embryo extract were present so that carbohjdrate substrates 
were available apart from the glucose added, or not, with the solution K. used 
m makmg the red cell extract It is apparent, nevertheless that added 
glucose favored survival (3 o, 6 7 a, fc), that the presence of 12 miUimols of 
glucose per hter was more favorable than 8 milhmols per liter (2 a, b), and that 
a still higher concentration of glucose, 24 miUimols per hter was harmful 
(1 a, 6 3 b, c) This latter effect ma> have been due to a toxic impurity m 
the glucose 

Glycogen, at concentrations by weight approximately equivalent to the 
favorable concentrations of glucose, could replace glucose and, m fact, was 
even better than glucose m most of the tests conducted (4 o b c 5 o, 6 , of 
Table IV) It is interesting to note m this connection that glycogen did not 
stimulate the respiration of the suspensions of P knoulesx (8) 

The results with the addition of glucose and glycogen showed up best when 
fairly dilute red cell extracts were used With such extracts a consistently 
favorable effect of added glutathione could also be demonstrated (5 a c 6 a, 
b, of Table IV) 

The Effects of Renewng the Afedium and of the Density of Parasites and Red Cells 
Repeated trials showed that other conditions bemg the same survival for 
several days longer could be obtained if one-third to one half of the medium 
was drawn off daily and replaced by fresh medium which had been stored m 
the refrigerator When this w as done, the contents of the flasks would retain a 
rather bright red color, instead of getUng decidedly brownish as m flasks m 
which the red cell extract medium was not renewed It would probabI> be 
even better to renew all of the medium daili but with the flat shallow lasers 
of liquid which had to be used, it was impo^ible to draw off more than half 
of the medium and still avoid sucking up some of the sedimented red cells 
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TABLE IV 


EjjKts of Glucose, Glycogen, and Glutathione on the Survival of Plasmodium lophurae 
(All preparations held m 25 ml Erlenme>er flasks at temperatures of 39 5-iO°C , except 
for 7 a and 7 b, which were kept at 41-41 S^C ) 


[No 

1 a 


lb 


2a 


2b 

3a 


3b 
3 c 


4 a 


4fc 


c 

ct 


I 


Tj-pe of preparation 


1 9 ml dilute red cell extract in solu- 
tion K. but wnth 8 mit glucose per 
liter, NaCl and KCl raised propor- 
tionately, -}- 0 1 ml erabrj o 
extract -h 0 15 ml parasite sus- 
pension 

Same as 1 a, but 24 mil glucose per 
liter, NaCI and KCI low ered pro- 
portionatelj 

1 8 ml dilute red cell extract in 
solution K but wath 8 mM glucose 
per hter, NaCI and KCl raised 
proportionatelj , -1- 0 2 ml embrj o 
extract -b 0 2 ml parasite sus- 
pension 

Same as 2 a but standard solution K 
with 12 mil glucose per hter 

1 84 ml dilute red cell extract in 
solution K with glucose omitted, 
NaCl and KCI raised propor- 
tionatelj -b 0 16 ml embryo ex- 
tract -b 0 2 ml parasite suspen 
Sion 

Same as 3 o but standard solution K 
w ith 12 mat glucose per hter 

Same as 3 a but with 24 mil glucose 
per hter, NaCl and KCl lowered 
proportionately 

1 8 ml dilute red cell extract in solu- 
tion K with glucose omitted, NaCl 
and KCl raised proportionately 
-b 0 16 ml embry o extract -b 0 04 
ml h\er extract -b 0 2 ml parasite 
suspension 

Same as 4 c but using solution K 
wath gluco'e replaced by 0 34% 
gh cogen, NaCl and KCI raised 
proportionately 

Same as 4 5, but 0 18% glycogen 

1 S mL dilute red cell extract in 
solution K -r 0 16 ml embno 
extract 0 04 ml h\ er extract 
0^ ml parasite suspension 


Appearance and in/ectivily* after daj s 


1 

2 

3 

4 

5 


G+-b 

F-b 

p- 



G- 

P 

p 



G-b+ 

F+-b 

p- 



G-b+ 

r++ 

F-b+ 


F 

F-b+ 

p- 



G 

F-b-b 

F+ 

P- 


G 

F- 

P- 




G-b-b 

F-b+ 

F- 

P 


G-b+ 

G-b+ 

F-b+ 

F- 


G-b+ 

G-b+ 

F-b+ 

F- 


G 

G-b+ 

F-b 

1 

P- 


6 
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TABLE lV^~C<wcluded 


No 

TVpe of prep»r*boa 


Appeirance wd tnfecuvity 

liter days 




* 

i 

3 

4 

5 

6 

S 6t 

Same as 5 a but glucose replaced by 


G 

G++ 

F++ 

p+ 



0 18% glycogen NaCl and KCl 
raised proportiQuately 







5 ct 

Same as 5 c + 0 2% glutathione 


G 

G++ 

F++ 

P+4- 


6 at 

1 84 ml dilute red cell extract in 1 


G 

G++ 

F++ 

p+ 



part serum 4- 3 parts solution R | 



1 





with glucose replaced by 0 2% ' 
gb cogen NaCl and KCl raised 








proportionately + 0 16 ml era 
bryo extract -f 0*2 mL parasite 
suspension 







6 Mi 

Same as 6 a 4’ 01% glutathione 


G 

F++ 

F++ 1 

P++ 



1 64 ml dilute red cell extract m 


G 



p+ 

!■+ 


solution K with glucose omitted 
NaCl and KCl raised proper 
tionately + 0 16 mL embryo ex 
tract + 0 2 ml parasite suspen 

I 

1 

1 







sioa 







7 6t 

Same as 7 a but with standard solu 

G 

G 

r++ 

F++ 

P++ 

P+ 



tion K with 12 mil glucose per 
liter 








• See footnotes Table HI 

t In these flasks about 0 8 cc of the medium was replaced daily with zoedium stored in 
the ref ngerator 


In several tests, the contents of a flask were transferred to a centrifuge tube and 
centrifuged 5 minutes The hquid was then drawn off and the sediment sus 
pended in fresh medium This procedure, perhaps because of the centrifuging, 
resulted in the rapid death of the parasites 
It was also observed in various experiments that poor survival was obtained 
if the parasite suspension used had a very high absolute parasite number 
An experiment designed to test this and the precedmg point is illustrated m 
Table V Of the two flasks which each contained 2 X 10* parasites per c mm 
the medium was partially reneiied daily m one, which gave a +4- infectivity 
on the 5th day, but not in the other, which already on the 3rd day gave a — 
infectivity Of the other four flasks, m two the parasites only were decreased, 
the density of red cells bemg kept about constant, and in two both the red cells 
and parasites were decreased The medium was not renewed in any of these 
flasks It js evident that the smallest density of parasites gave the longest 
survival m both cases the effect of total red cell concentrations bemg relativ ely 
slight However, the best infectivity of all, on the 5th day, was obtamed in 
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CONDITIONS APFECTING SrrR\T\'AL OF MALARIAL PARASITE 


the flask w hich had the highest parasite density but had received fresh medium 
daily The relative numbers of normal looking parasites gave results some- 
what parallel to those based on mfectivity Especially noteworthy are the 
figures for flasks 1, 4, and 6 on the 3rd daj 

TABLE V 

Efccts of the Densely of Parastles and Red Blood Cells and of Rencual of the Medium on (he 

Survival of Plasmodium lophurac 

(All preparations held m 25 ml Erlenmej er flasks at 39 S-40°C Each flask contained 
1 8 ml of the foUois ing medium One part of frozen thaw ed red cells extracted w ith 3 parts 
solution K and nuclei remoaed bv centrifugation To 15 ml of this extract added 1 ml 
embr>o extract In flask No 1 0 8 to 1 0 ml of medium was replaced daily with medium 
stored in the rcfngerator ) 



c 

«n 

c 

D, 

3 

v> 

Umnfcctcd red cell 
suspension added 

Parasites 
per c mm 

Red cells 
per c mm 

Parasites per 
1000 red cells 
after days 

Appearance and mfectivity * 
after days 

0 

1 

2 

3 

1 

2 

3 

4 

S 

6 


ml 

mi 













1 

0 2 

0 

2 X 10^ 

3 2 X 10* 

674 

522 

336 

92 

G 

G 

r+-f 

P++ 

P++ 



0 1 

0 1 

1 X lO^ 

3 5 X 10* 

286 

IWil 



G 

G 

r-f+ 

r+ 




0 05 

0 IS 

0 5 X 10* 

3 6 X 10* 

140 

102 

90 


G 

G 

F++ 

T++ 

p+ 

— 


0 2 

0 

2 X 10* 

3 2 X 10* 

674 

468 

WgB 

36 

G 

G 

F- 

p- 




0 1 

O 

1 1 X 10* 

1 7 X 10* 

674 

468 

408 


G 

G 

T++ 

F-1-+ 

p- 



H 

0 






m 

G 

G 

r++ 

r-f-f 

r-f 

— 


• See first footnote, Table III 


Effccis of Scrum, Plasma, and Embryo Exlract 

In a senes of experiments using relatneiy concentrated red cell extracts 
prepared in varjnng concentrations of serum and citrated plasma, observations 
were made on exflagellation as well as on mfectivity and relative parasite 
numbers The results of some of these experiments are summarized in Tables 
\T to DC All the preparations were held in 25 ml Erlenmeycr flasks at 41 5- 
42°C Except for preparation I e, each flask received originally 2 ml of 
medium and 0 2 ml of parasite suspension Ex ery day 0 6 to 1 0 ml of 
medium in each flask was replaced b> corresponding medium which had been 
stored in the refrigerator It w ill be noted that the original density of para- 
sites w as held at about 30, (KX) to 50, (XX) per c mm for suspensions from chicks, 
and at about 60,000 to 80,0(X) per c mm for suspensions from dud s Table 
\T shows that surxixal was xerx short m citrated chicken plasma (1 d) but was 
prolonged if the plasma w as diluted somev hat and contained red cell extract 
(1 c) Chid-en serum alone gaxe a -h infectixit> exen on the 6th daj (1 b). 
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while the mfectivity of the preparation (1 a) with dUuted serum and red cell 
extract was gone after the 5th day However, the latter preparation had a 
higher mfectivity on the 4th dav than did the serum alone and also gave 


TABLE VI 

Ejects of Serwn Plawta ond Red Cdl Extra<t on Survival of Plasmodtum hphurae 


No 

Medium 

Parasites 

per 

Red cells 
per 


Infecti Ity* 
after days 

Exflagel 
lantit after 
days 

Parasites per 
lOQO red cells 
after days 



c sun 

c. mm 














2 3 X i J 

3 

4 

5 

6 

5 

6 

0 

1 

2 

3 

1 a 

Red cell eitnct— 8 ml froua ' 

sxiJ 


W" 

107+ 


_ 




206 

146 

70 


Uiawed cells tn 6 ml dtrate 
solution K + 3 ml senun ^ 



++ 

++ 










Semm — same ts used ior 1 a 

ixio* 

2 3X10* 

207 

107+ 

+ 

+ 

1 

0 

22l5 

137 

7S 

36 





++ 

+ 









1 e 

Red cdl cKtisct — 8 ml froeen 

S X 10* 

1 2 3 X 10* 

2or 

107 

— 

— 


0 

j 236 

230 

168 

74 


Uiawed cells In 6 ml atrate 
loluUon R + 3 ml dtrtted 
plasma (1 part dtrate tob 
Uon R to 3 parts blood) 



-H- 

++ 









Id 

Citrated plasma — same as used 

! X in’ 

2 3 X 10* 

10% 



— 



226 

m 

48 



{or i e 













1 r 

Mixed 1 ml of red cell-embryo 

3X10* 

2 0X10* 



1 ++ 


10 


1 340 


1 226 

100 


extract (8 mL {roMii*tbaw«d 
cells la U ml sohitlon R— 
to IQ ml extract added 1 ml 
embryo extract] with pan 
site suspension and 1 ml o( 
bepitr Inbed plissu. A1 

1 lowed mixture to clot Then 

tdded04 ml. of the red ceQ 

1 embryo extract Clot 

ground up for test on 3th 
day 




1 

1 

1 









* 20%4*+ signifies an infection apparent 7 days after the inoculation of the chick with a 
dilution such that the chick received on the basis of the number of parasites originally present 
a total dose of 10 000 parasites If contained in chick red cells or of 500 000 parasites if con 
tamed m duck red cells and mdicates that at least 20% of the parasites ongmally present 
were still ahve (See section on mfectivity under methods ) 20%+ signifies under similar 
conditions, an infection apparent after 11 but not after 7 days, and 20%— no infection after 
J1 days 10% and 40% With ++ + or — have a similar significance except that the dose 
would be respectively 20 000 and 5 000 parasites m chick cells and 1 000 000 and 250 000 
parasites in duck cells ++ + or — alone have the same significance as in Table III In 
1 o b c on the 4th da> inoculations were made with undiluted material as Vr ell as with a 
dflution testmg for 10 per cent survi\'aL 

t The number of exflagellants counted m a S mmute exammation of a fresh preparation is 
gi\ en except that, if none were found on the 5th and 6th days the time of examination was 
extended to 10 mmutes 

consistently higher parasite counts during the first 3 days Preparation 1 e is 
of speaal interest The parasite suspension was here included in a clot con 
sisting of equal parts red cell-embryo extract and heparinized plasma The 
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CONDITIONS AFFECTING SDRW'AL OF MALARIAL PARASITE 


TABLE \TI 


Ejjecls of the Coitcentralwn of Plasma, and of Chtck Embryo and Yeast Extracts, on Survival of 

Plasmodium lophurae 


1 

No 

Medium 

Parasites 

per 

Red cells 
per 

Infectivit>* 
after da>s 

Exflagellantst 
after da>s 

Parasites per 
1000 red cells 
after da>s 



c mm 

c mm 

















3 

4 

5 

6 

1 2 


5 

-1- 

n 

m 

IE 

IQ 

1 

2a: 

Red cell extract— d ml frozen 

43 X 10* 

2 X 10* 

m 

lOTc 

, + 


1 7 

1 2 1 

1 C 

) 

22C 


! 18; 

Z 116 


thawed cells m 8 ml utrated 
plasma (1 part citrate solution 
K. to 3 parts blood) 


2 X 10* 

++ 

+ 











21 

Red cell extract using same cells 

■EKim 


K 

+ 

++ 

3 1 

4 4 

: 0 


220 

222 

192 

98 


and plasma as for 2 a— d ml 
frozen thawed cells In 5 4 ml 
atrated plasma + 2 6 ml 
citrate solution R 



++ 

++ 











2c 

Red cell extract — 9 ml frozen 

43 X 10* 

2 X 10* 


10% 

+ 

+ 

2 1 

0 0 



220 

216 

170 

86 


j thawed cells in S ml atrated 
plasma -f 10 ml atrate solu 
lion K 


i 2 X 1 J 

++ 

+ 

1 1 







i 1 

1 



2i 

Same as 2 c but with 10% by 

43 X 10* 

20% 



"t" 

1 3 

1 0 



I 220 

218' 

180 

126 


1 \olume of chick embryo extract 
in atrate solution K 


t 

2 XIO* 

++ 








! 




It 

Red cell extract— 11 ml frozen 

43 X 10* 

20% 


+ 

— 

0 3 




220 

[234 

156 

116 


thawed cells tn 5 ml curated 
plasma 4* 10 ml citrate solution 
i K To 5 ml extract added 0 6 
ml > east extract 

i 


I++ 

+ 




1 

1 




i 



2/ 

Same as 2 r but to 5 ml red cell 

43 X 10* 


20% 

10% 

++ 


3 0 

1 1 0 



220 

1236 

168 

126 


extract added 0 1 ml >east 
extract 



++ 

++ 











2f 

Red cell extract similar to that 



20% 


++ 

+ 

2 3 

0 0 



220 

214 

174 

1 88 


for 2 e but usmg blood from 
other chicks To 5 5 ml extract 
added 0 01 ml > east extract 



++ 












3 0 

Duck red cell extract — t ml 

6 X 10* 


20% 

++ 

+ 

— 

3 16 

8 14 

, 2 

0 

570 

524 

346 



frozen thawed cells in 7 ml 
atrated plasma (1 part atrate 
solution K to 3 parts duck 
blood) Parasites from duck 



+ 












ih 

1 DueJe red cell eitrict using »ime 



m 

+ 

+ 

— 

IS 30 

8 7 

e 

0 

570 

500 

340 



' cells and plasma as for 3 « — 

4 mU frozen thawed cells in 4 7 
' ml atrated pla-ma -{■ 2J ml 
atrate solution K 



++ 












3c 

1 Duck red cell extract— 12 ml 

6 X 10* 

1 2 X 10* 



— 


15 5 

1 0 



570 

474 

306 



frozen thawed cells In 5 ml 
atrated plasma + 10 ml atrate 
solution K. 



++ 












3<i 

Same as 3 c but with 10% by 

5 XIO* 

■wgiiai 

20% 

+ 

— 


6 7 

7 0 

0 


570, 

516: 

296 



■volum'* of chick embryo extract 
in atrate solution R 

i 



j 












* t See corresponding footnotes for Table VI 


dot was co\ered v ith liquid red cell-embrjo extract which was renewed daily 
During the first 4 daj s small samples v ere remo\ ed from the dot and used to 
make smears ^ On the 5th daj the dot v as ground up and tested for infec- 
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tivity This proved to be ++ A large number of exflagellants was observed 
on this day This preparation gave high relative parasite counts, the count 
on the 2nd day being essentially the same as in the original parasite suspension 
Similar preparations have consistently given similarly good results but entirelj 
liquid preparations are much easier to handle and are preferable for com 
parative tests of various ingredients of the medium 


TABLE Vin 


ESects of Dijfcretil ConcenCrattons oj Liter Extract on Sumoal of Plasmodium lophurac 






( 


Exda^el 
laatst after 
days 


No 


Fandtcs 

pet 

Red cells 
per 

InfecUvity 
after days 

ptrlOOO 
, red Cells 

1 



e mm 

c mm 




dan 





5 

4 5 6 

1 2 3 4 5 

0 1 

2 

4 0 

RedceUextiact— 17 xnl frozen tt&vred ceOs 

35 X 10» 

19X10* 

20" 

10" - 

3 4 6 2 0 

194 17 

92 


In 27 ml citrated plisnu. + 134 ml atrate 
aolution R To 5 7 ml extract added 04 
ml Citrate solution K. 



+ 





4& 

S 7 ml same ted cell extract + 0 29 ral 

35 X 10» 

1 9 X 10* 

207 

- 

9 18 12 2 0 

191 162 

134 


atrate loluUon R + 0J)t ml liver extract 
In citrate mIuUoq EL 



+ 





Ac 

8 7 ml came red ceil exuact + 047 ml 

15X10' 

1 SXIO' 

20" 

10" - 

6 12 2 2 0 

191 142 

116 


atrate toloueo K 4- 0 05 ml liver extract 



+ 

+ 




Ad 

5 7 ml tame ted cell e tract + 0 2 ml citrate 

5SX 10> 

isxio' 

207 

10" - 

3 10 0 

194 124 

140 


solution R + 0 1 ml bver extract 



++ 

— 




4 0 

5 7 ml same red cell extract + 04 ml liver 

35X10> 

1 9X10* 

207 

10" - 

0 0 0 0 

i»4 



exti ct 



+ 

— 




AS 

8 1 ml same red cell extrsct + 0 d ml 

3SX10» 

ISXIO' 

20" 

10" +- 

1 32 8 0 0 

194 176 

106 


embryo extract +049 ml dtrate solotlon 
K + 0 01 ml liver extract 



+ 

-1 

f 



So 

Duck red cell extract— Jl ml frozen thawed 

OJXIO* 

1 5 X 10* 

++ 

-H- + 

2 6 2 0 

20 603 

404 


cells In 50 ml dtrated duck plasma + IS 
xnl citrate solution R. ToS7tnl extrsct 
added 04 ml citrate solution R Fara 
sites from duck 








56 

5 1 ml same red ceil extract + 0 d ml cbick 

«7X10» 

13X10* 

++ 

+ + 

5 4 2 0 

20 636 

468 


embryo extract + 04 ml citrate solution 








S e 

Same as 8 6 but 049 raL dtrate solution R 

87 X»0^ 

14 X 10* 

++ 

+ + 

IS 8 0 07 

20 682 

US 


and 0 01 ml liver extract 


13X10* 






Id 

Same as 5 6 but 0 25 ml otrate solution R 

87 X 10* 

H- 

- 

3 j r 

20 



and 0 05 niL liver extract 








5 e 

Same as 5 6 but 04 ml Uverextract 

87X10* 

1 3X 10* 



o|o r 

20 



* I See corresponding footnotes for Table VI 


Table VII, 2 a-c, shows that red cell extract prepared m about equal parts 
of plasma and atrate solution K (6) was better than a similar extract m whole 
citrated plasma (o — one part citrate solution K to 3 parts plasma) or an 
extract in one part of plasma to 3 parts of citrate solution K (c) The results 
on mfectivity, exflagellation, and parasite number are all m fair agreement 
However, although the intecti\it> of preparation 2 c was sbghtly better than 
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CONDITIONS ATFECTING SURVIVAL OF MALARIAL PARASITE 


that of 2 a, the reverse -svas true of the exflagellation Preparations 3 a-c were 
similar to 2 a-c but with duck material Here tlie highest plasma concentra- 
tion proved to be as good as, or perhaps shghtly better than, the intermediate 
concentration, while the lowest concentration was definitely worse in all 
respects 

Preparations 2 c, d illustrate the consistent!}' fa\ orable effect of the addition 
of chick embrj'o extract to the medium at a concentration not exceeding 10 
per cent by volume Higher concentrations were deleterious The effect is 
also shown by preparations 3 c, d, and by 4 6,/ of Table VHI Preparations 

TABLE rx 


The •Si/mral of Plasmodtum lophurae i« Concentrated Red Cell Extracts uith and atthout Ltver 

Extract 



1 



1 




1 

\ 





Parasites 

No 

Medium ' 

Parasites 

per 

Red cells 
per 

Infecti\it>' 
after da>’s 


Exilagellantst 
after da>s 

per 1000 
red cells 
after 



c mm 

c mm 





L 







days 



1 

1 


m 

n 

m 

B 

B 

n 

I 

I 

I 

i 

m 

n 

m 

6 e 

Red cell extract— 14 ml {rozen thawed 

3 X 1(A 

j iXiiA 

40% 

:o% 

++ 

4* 

4 

10 

9 

17 

0 

0 

134 




cells in 7 ml scrum + 7 ml solution El 
To 6 ml extract containing some of 
the nuclear residue added 0 6 ml 
embryo extract 

j 


+ 

+ 








1 

1 




6h% 

Red cell extract— 12 ml frozen thawed 

3 X 1(A 

2 4 X 10* 

40% 

20% 

+ 


6 

2 

S 

0 

0 


134 

178 

148 

1 

1 

cells in 6 ml scrum + 6 ml solution K 
To 6 ml extract containing a light 
suspension of free nuclei added 0 6 ml 
embryo extract + 0 01 ml li\er 
extract 


i 

-H- 

1 

++ 

j 

1 



1 

i 



j 





7o ' 

Duck red cell extract— 14 ml frozen 

8 X 1(A 

1 5 X 10* 

20% 

10%! 

++ 

— 

18 

13 

12 

3 

1 

0 

568 



i 

thawed cells in 7^ ml duck serum + 
7J ml solution K To 6 ml extract 
containing some of nuclear residue 
added 0 6 ml chick embryo extract 
Parasites from duck 


i 

I 

++ 

1 

++ 


1 

1 


1 


i 



1 



Duck red cell extract— 12 ml frozen 

S X 10* 

1 5 X 10* 

|20% 

10% 

+ 


26 

,12 

17 

3 

IS 

0 

563 

601 

532 

i 

thawed cells in 6 ml duck serum + 6 
ml solution K. To 7 ml clear extract 
added 0 7 ml chick embr> o extract + 

0 01 ml liver extract 



i++ 

1 

+ 

i 

i 












• t See corresponding footnotes for Table VI 
J This preparation was acadentallj contaminated on the 5th daj 


2 e, /, g show the effects of a > east extract prepared b> boiling 2 5 gm of dried 
Hams brew ers’ > east in 25 ml of citrate solution K, filtering through paper, 
and stenhzing b\ Berkefeld filtration Of the three concentrations tried, the 
intermediate one w as slightlj better than the others 
The effects of the addition of chicken Ii\er extract using chick and duck 
material are shov n bj series 4 a-e and 5 b-c respectively of Table VIII In 
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these experiments equal parts of plasma and atrate solution K were used in 
the preparation of dilute red cell extracts, and the survival was not as good as 
in the preceding series, employing more concentrated red cell extracts In the 
chick series, the lowest concentration of liver extract tried (4 6) definitely 
enhanced the exfiagellation The chicks used for the 4th day infectmtv test 
on this preparation both died before results could be obtained from them, but 
the preparation (4 c) with the next higher concentration of liver extract showed 
a better infectivity than the preparation without liver extract Still higher 
concentrations of liver extract were toxic. With the duck material the lowest 
concentration of liver extract did slightly enhance the exfiagellation on the 2nd 
and 3rd days, but no effect on infectivity was observed The higher concen 
trations were again toxic 

Preparations 6 a, i, and 1 a, hot Table DC show the results of tests with as 
concentrated red cell extracts made in equal parts of serum and solution K, as 
could convenientlv be prepared in the necessary amount Preparations 6 a 
and 7 a contained in the extract a considerable amount of the nuclear residue 
and the presence of these numerous free nuclei precluded accurate parasite 
counts Preparation 6 h contained some free nuclei and preparation 7 b very 
few In preparation 6 h, 40 per cent or more of the ongmal parasites were still 
alive on the 3rd dav and 20 per cent or more on the 4th day The parasite 
number inaeased by a significant amount after 1 day’s mcubation, but by the 
2nd daj it had dropped back to about the original figure No significant de 
crease in total red cell count was observed m this preparation until the 4th day 
In preparation 7 b the parasite number maintamed itself for the first 2 days, 
with a possible increase on the 1st day In this preparation, the red cell count 
went down after the 2nd day Duck red cells have typically proved to be less 
resistant to thernadro conditions than have chickredcells Itisworth noting 
that in preparation 7 J as many as 15 exflagellants were found in 5 mmutes in a 
sample taken after 5 days of hfe tn vitro at a temperature of almost 42°C 

DISCUSSION 

Only two questions need be discussed here Were the various effects which 
were observed direct effects of the environmental conditions on the malaria 
parasites or were they indirect effects ma the red cells in which the parasites 
were contained? Did the parasites which survir ed m these experiments con 
tmue to develop while surviving? To the first question no answer can be 
giv en Since there is as yet no way of mamtammg the parasites outside of red 
cells, the effects of euvnonmental conditions on the two cannot be readily 
separated It can be said that many normal appearmg erythrocytes were 
still present in preparations in which the parasites had died out Also, dextrose 
appears to have no effect on the respiration of normal chicken erythrocj tes 
(29), suggesting that its effect on survival of P hphurac was a direct one 
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With respect to the second question, the e\adence indicates that the parasites 
surviving in vtiro contmue to develop, especiall}’’ during the first few days In 
the most favorable survival tests tlie parasite number maintamed itself during 
the first 2 days and, rarel)'-, mcreased slightly during the 1st day Moreover, 
the percentage of very young forms devoid of pigment, and of segmenters, 
varied from day to day The findmg of appreciable numbers of very young 
forms, as well as segmenters and intermediate forms (Fig 2), after 3 or 4 days 
in vilro, IS considered to be an indication that the infection of new red cells 
occurred The problem encountered by Hew itt (11) of the failure of merozoites 

to break out of the host cell did not arise in the present studies wutli P lophnrae 
Numerous free merozoite clusters could be found The presence of fairly 
numerous very jmung forms, as well as segmenters, was generally correlated 
w ith good sur\nval as judged by infectivit> On the other hand, the presence 
of manj' segmenters with very few young forms was usually accompanied by 
relatively poor survival as judged bj infectivity It is unfortunate tliat P 
lophurac exhibits such a low synchromcity (24) that more accurate data on these 
points are difficult to obtam The repeated observation of more evflagellants 
on the 2nd, 3rd, 4th, or even 5th day of life in vitro than on preceding days 
agam suggests that development of the male gametocytes occurred in vitro 
and that w e are not dealing w ith a mere surv ival of gametocytes already ripe 
at the time of preparation of the survival tests Indeed, the conditions of 
preparation w ere usuall> such that the parasite suspension w'as exposed to room 
temperature for more than 20 minutes and active evflagellation of the male 
gametocj'tes, alreadj ripe at the time of preparation, occurred m it 

sirmiARY 

The surv iv al of Plasmodium lophnrae in vitro, at temperatures of 39 5-42®C , 

IS favored bj a balanced salt solution havung a high potassium content, by 
aeration but not b> a v^ery high oxygen tension, b> an optimal density of para- 
sites per cubic millimeter, bj frequent renewal of the suspending medium, by 
concentrated red cell extract, by optimal concentrations of plasma or serum, 
of chick embrj o extract, of glucose or glj cogen, and of glutathione, and prob- 
abl} bv yeast extract and a verj low concentration of liver extract 

In the best preparations, as judged b> infectiv ity, more than 40 per cent of 
the parasites were alive on the 3rd day, more than 20 per cent on the 4th day, 
perhaps 1 per cent on the 5th da> , and about 0 05 per cent on the 6th day 
Evndence was obtained that the parasites had multiplied during the 1st day 
of incubation 
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EKPLANATION OF PLATE 23 

Fig 1 25 ml Erlenmej er flask holding 2 ml of medium and capped w ith vial scaled 
with parafilm, as used for most of the survival tests X 0 6 
Fig 2 Portion of a Giemsa-stamed smear from a survival test after 3 days of in- 
cubation at 41 5-42®C (Preparation 26 of Table Vn ) Note the segmentcr, two 
young forms, and the dehcatelj stained large trophozoite X 1569 
Photographed by Julian A Garble 
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INFLUENCE OF EXTRANEOUS PROTEIN AND VIRUS CONCEN 
TRATTON ON THE INACTIVATION OF THE RABBIT 
PAPILLOMA VIRUS BY X-EA\S 

By william f friedewald, m d and rubert s Anderson* pb.d 

(From the Laboralancs of The Rockefeller InslUulefor Medical Research and Memorial 
Hospital, New York) 

(Received for publication, July IS, 1941) 

Studies on x ra> irradiation of viruses have been compbcated by their great 
resistance to the rays and as a group they are considered to be among the 
most radio-resistant of biologically active agents The Shope papilloma vims 
(1) has been reported to be particularly resistant to t ray irradiation, requiring 
a dose of 14,000,000 r to abolish the infectivity of cell free suspensions of the 
virus (2) We have investigated the factors responsible for the resistance of 
the papilloma virus to x rays' and it will be shown that the amount of irradia 
tion required to inactivate the virus is not a fixed quantity but is greatly m 
fluenced by the concentration of virus m sahne or buffer suspensions and by the 
presence of extraneous protein m the virus preparation The findings bear upon 
the mechanism of x ray effects tn vtlro and wiU be considered m this relation 


Malenal and Methods 

Virus was obtained from the naturally occurring papiUoinas of cottontail rabbits 
which bad been plucked and preser\ed in 50 per cent glycerin Locke s solution m 
the refrigerator at about 4 C Weighed portions of the papillomas were washed m 
several changes of isotonic sahne ground m a mortar to a smooth paste, and suspended 
in 10 or 20 volumes of 0 9 per cent saline The crude extract was spun at about 
3500 R P II for 5 minutes m an angle head centrifuge, the sediment discarded and 
the supernatant fluid agam spun at about 4500 r p ii for IS to 30 mmutes after 
which It was filtered through Bcrkefeld V candles The final virus filtrate was usually 
highlv infectious and had a clear, amber color Purified suspensions’ of the nnis 


* Aided by a grant from the National Cancer Institute 

' Preliminary note m the Prouedtnis of the Society for Experimental Biology and 
Medicine 1940 46, 713 

The term ‘purified virus is u ed throughout this paper to mean that the virus 
preparation contained considerably less extraneous material than the original virus 
filtrate 
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were prepared b> centrifuging the filtrate at 30,000 R p m for 1 hour in celluloid tubes 
in an air dn\en centrifuge, after which the supernatant fluid, uhich contained little 
or no detectable virus but much extraneous protein, as mdicated by nitrogen deter- 
mination, was removed and discarded The small gelatinous pellet of sediment was 
then resuspended m isotonic sahne or 0 05 M phosphate buffer solution, pH 6 6, to the 
original volume and spun at about 4500 r p m for 20 minutes in the angle centrifuge 
The alternate high and low speed centrifugations were repeated until the virus had 
been washed two to three times Further differential centrifugations were not done 
because m most of the experiments not more than 24 hours elapsed from time of 
punfication to inoculation The final suspensions of punfied virus were faintlj 
opalescent and contained less than 1 per cent as much nitrogen as the v irus filtrates 

The varus preparations w ere tested bj pathogeniaty and complement fixation tests, 
both alreadj described (3, 4) Normal domestic rabbits of the gray-brown (agouti) 
breed obtained from focal dealers were used in the pa'hogcmcily tests The inocula 
were rubbed into scarified skin areas on the abdomens of the test rabbits and the 
resulting growths recorded eveo 2 to 3 dajs from the 8th to the 24th dajs, and at 
3 to 5 daj interv als thereafter until about the 42nd day, according to a standard 
scale **** = confluent papdlomas, *** = semiconfluent papillomas, ** = many 
discrete growths, * = 5 to 15 papillomas,* = 2, 3, or 4 papillomas » «= 1 papil- 
loma, 0 = negative (Asterisks are used in the tables for the infectmty readings 
to differentiate them from the plus signs used for the readings of the complement 
fixation tests ) 

In the cov plcmei t fixation tests various ddutions of the v irus prepiarations w ere 
mixed w ith 2 units of complement (titrated immediatclj beforehand) and an optimal 
dilution of an immune serum, procured from a rabbit bcanng virus induced papillomas 
or one that had receiv ed intrapentoneal injections of papilloma virus The mixtures 
were alio v ed to stand at room temperature for 2 hours to allow fixation of complement 
and then sensitized red cells w ere added Readmgs w ere made after 30 minutes in a 
water bath at 37°C and agam after the tubes had stood overnight m a refrigerator 
The latter readings are recorded m the tables as follow s, in terms of fixation -f + -f -f 
= complete fixation (no hemoljsis), + -h-h = about 75 per cent fixation, ++ '= 
about 50 per cent fixation, s- = about 25 per cent fixation, ± = about 10 per cent 
fixation, 0 = no fixation (complete hcmol>sis) There is considerable evidence that 
the virus and the complement-fixing antigen are closcl> assoaated, if not identical 
(4, 5), and the complement fixation test thus provides an additional method of test- 
mg the effect of x-raj s on papilloma virus preparations 

The virus suspensions were irradiated in speciall> made discoid flasks of pjrex 
glass, 1 8 cm deep with thm top and bottom, or in small scaled glass or celluloid 
tubes 4 cm long, vvith an internal diameter of 9 mm Using the latter method tw o to 
four tubes could be simultaneouslv irradiated Thev v ere placed half v aj between 
tv o x-rav tubes at a distance from each target of 10 cm To control the temperature 
the containers w ere placed in a Petn dish or a celluloid dish containing v ater and the 
air just abov e was arcubted \ ith a fan Under these conditions the temperature of 
the water bath nev er rose abov e 30"C The water-cooled tubes were run at 30 ma 
and at a peak voltage of about 185 Iv The x-ra>s wtre not filtered and the half 
value lav er of radiation '^s 0 19 mm of copjier The intensit> v as 6,200 r per minute 
m air as measured bv a thimble chamber which had been comjiared v ith a standard 
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ionization chamber (6) Small samples of the vims fluid were removed from the flasks 
at mtervals dunng the irrt diation or when the small glass or celluloid tubes were used 
Comparable samples of the \ ims fluid m different tubes were exposed to varying doses 
of X ray irradiation The larger doses of irradiation used m Expenraents 1 and 4 
nere of necessit> intenmttent and the virus specunens were kept m the ice box be 
tween exposures to the x rays Control portions of the vims solutions were sub 
rmtted to identical conditions but were not irradiated 

X Ray Irradiation of a Papilloma Virus Filtrate 

As a first step tow ard studying the effect of t rays on the papilloma virus, a 
Berkefeld V filtrate of highly infectious cottontail rabbit papillomas was ex 
posed to amounts of x rays varjnng from 500,000 r to 11,000,000 r 

Experiment t — A 10 per cent Berkefeld V filtrate of the glycerolated papillomas 
of W R. 1 28 was prepared as described above The filtrate contained 0 519 mg of 
nitrogen per cc Thirty cc of the filtrate was exposed to x rays in a glass flask, under 
the conditions descnbed above and 2 cc. samples of the vims fluid were removed 
after 1/2 1 2 4 8, and 11 million r of irradiation A control sample of the vims 
filtrate was exposed to identical conditions but was not irradiated The irradiated 
wms filtrate showed striking changes m the gross as the amount of x rays applied to 
It mcreased 1 000,000 r caused a sbght mcrease m bluish opalescence and this m 
creased with dosage until after 8,000 000 r a heavy, flocculant preapitate had formed 
which settled to the bottom of the tube leaving a water-dear supernatant fluid 
The control and irradiated specimens of the vims filtrate were then mbbed into 
scarified skin areas of three normal domestic rabbits 

The results of the experiment are shown m Table I The papillomas elicited 
bv the specimen of the virus filtrate that received 500,000 r of irradiation were 
sbghtly smaller and fewer in number than the growths produced by the control 
virus filtrate a fact ev ident m the table on the 14th and 24th days after virus m 
oculation 1,000 000 r of irradiation caused a marked decrease m the number 
of papillomas elicited by the virus filtrate, and the mcubation period of the 
growths was considerably longer than that of the controls Only a few growths, 
and these with a long mcubation period were obtamed with the vims specimen 
that received 2 000,000 r and no papillomas were elicited by the filtrate after 
exposure to 4,000,000 r or more of x ray irradiation These findings were con 
firmed by inoculating the virus specimens into another group of four domestic 
rabbits All of the growths mduced proved to be benign papillomas of the 
ordinary sort 

Effect of X-Rays on the CompUmenl Binding Capacity of a Papilloma 

Virus Fillrale 

The available evidence mdicates that the capaaty of a papilloma \ irus sus- 
pension to fix complement m mixture with specific immune serum is a propert> 
of the virus f er « or of an integral part of it (4 5 7) A comparison of the effect 
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of T-rays on the infectmty and the complement-fixmg capacity of a papilloma 
vims filtrate has for this reason considerable interest 

Experiment 2 — ^The control and irradiated specimens of the virus filtrate W R 
1-25, described in Evpenment 1, were tested in \'arious dilutions immediately after 
irradiation for capacitj' to fix 2 units of complement m mixture with an immune 
serum (D R 10) obtained from a rabbit w hich had borne virus-induced papillomas 
and which in addition had recen ed two intrapentoneal imections of a 5 per cent \ irus 
filtrate to call forth serum antibody in high titer 

TABLE 1 


Efecl of Irradiation on a Papilloma Vims Filtrate 



Pathogenicil> tests 

W R 1 28 
X-r&y irradiation 

ttth day 

24th day 

42nd da> 


a 

b 

C 

a 

b 

c 

a 

b 

c 

rotnittns 

Control 


*£ 


**** 


♦*** 


***♦ 


500,000 

** 

* 

** 


♦** 



**** 


1,000,000 

0 

0 

* 


* 

*♦ 

**** 

*** 


2,000,000 

0 

0 

0 

± 

* 

0 

* 

* 

* 

4,000,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8,000,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11,000,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 


a, b, c = test rabbits 
***♦ = confluent papillomas 
*** = semiconfluent papillomas 
** = mam discrete growths 
* = 5 to 15 papillomas 
^ = 2, 3, or 4 papillomas 
£ = 1 papilloma 
0 = negatwc 

Table 13 shows the results of the experiment It will be seen that 500,000 r 
of x-raj s had no detectable effect on the complement-binding capacity of the 
X ims filtrate One to 4 million r gradually reduced the titer, but 8,000,000 r 
w as necessary' to abolish completely the capacity' of the filtrate to react in the 
test When the findings of the complement fixation test are compared w ith the 
mfectiMty tests of the same \irus filtrate (Table I), it is apparent that the 
complement-binding antigen is more resistant to x-rays than the infectious 
xirus 4,000,000 r completely abolished the capacity of the filtrate to elicit 
papillomas, but it still reacted in the complement fixation test in a dilution of 
1 160 

E^ect of X-Rays on Purified Papilloma Virus Suspensions 

The papilloma xirus has been shown to be a high molecular weight protein 
that can be readily sedimented from extracts of infectious cottontail rabbit 
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papillomas by high speed centrifugation (8) Since the vims protein consti 
tutes only a small fraction of the material present m crude papilloma extracts, 
It seemed worth while to determine whether the extraneous material had any 
influence on the effect of x rays upon the virus proper 

Experiment 3 —A portion of the virus filtrate {W R. 1 28) used in the preceding 
experiments was spun at 30,000 r J u for 1 hour m the air dnvcn centrifuge and the 
pellet of sediment was resuspended m the onginal volume of 0 9 per cent saline 
The suspension was then spun at about 4500 r for 20 mmutes m the angle head 
cenlnfuge the supernatant fluid was removed and the fluid again spun at 30 000 
R p M for 1 hour The small pellet of sediment was resuspended m 0 9 per cent 

TABLE n 

Ccmplemetti Ftxaiion Tests mlh a PaPtUoma Vtrtu Ftllraie after Irradtatton 


Complcmeat fixation tests} 


rot ttens 
Control 
500 000 
1 000 000 
2 000 000 
4 000,000 
8 000 000 



1 10 per cent Berkefeld V filtrate ++++ « complete fixauon (no hcmol>sis) 

§ Complement 2 units in all tubes +4-+ •• about 75 per cent fixation 

Immune serum D R. 10 1 48 4-+ 50 

ac ■« aDticorapIementary + •■ 25 

d: * 10 

0 no fixation (complete hemol>sis) 


saline and finally spun at 4500 RF u lot 20 minutes and the sediment discarded 
The suspension was faintly opalescent As additional material a freshly prepared 
virus filtrate (W R. 1-70) was similarly purified Thirty cc of the purified virus 
suspensions were then irradiated, as described m Experiment I with removal of small 
samples of the virus fluid after exposures to from 100 000 r to 4 000 000 r of X ray 
irradiation The uxadrated virus suspensawis shoived httle change m the gross from 
the control non irradiated virus suspension except for a fine granular preapitatc m 
the samples receivmg the larger doses of x ray The control and irradiated specimens 
were then rubbed mto scarified skm areas on three normal domestic rabbits m the 
usual way In addition the specimens were tested for capacity to fix 2 units of 
complement in mixture with a 1 48 dilution of the immune serum D R 10 

The results are summarized in Table IH The control specimens were 
highly infectious, elicitmg many discrete or semiconfluent papillomas by the 
14th day after inoculation and they became large confluent papillomatous 
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masses by the 42nd day 'Virus suspension W R 1 28 was completely m 
nocuous after receivmg 800,000 r of irradiation, and 100 000 r largely macti 
vated It The virus specimen of W R 1 70 that had been submitted to 750,000 
r or more of irradiation elicited no papillomas m any of the test rabbits 250, 

000 r caused a striking reduction in the capacity of the virus to elicit papil 
lomas, and the virus specimen that received 500,000 r caused only a few papil 
lomas in two of the test rabbits and this after a long incubation period The 
complement bmding capacity of the virus preparations was abolished by the 
same dose of X rays required to destroy the infectivity of the virus fluids It 
should be noted, however, that in both preparations the capacity to fix com- 
plement was inactivated at a slower rate than the pathogenicity of the virus 
When this finding is considered together with the fact that the infectivity tests 
for virus have a lower threshold than do complement fixation tests (4), it is 
evident that the complement bmdmg capacity of purified suspensions of virus 
IS more resistant than the infectivity of the vims In this respect the findmgs 
are like those with the virus filtrate described m EbqDeriment 1, though not as 
striking 

The e^eriment (Table HI) showed that suspensions of papilloma virus 
purified by repeated differential centrifugation were inactivated by amounts of 
X ray far less than had been required to render papilloma virus filtrates non 
infectious One of the purified preparations came from a filtrate (W R 1 28) 
several times tested m the latter respect (Experiments 1 and 2) 100 000 r 

inactivated most of the infectious vims of the purified preparation of W R 

1 28 and 800,000 r completely abobshed its capacity to elicit papillomas or to 
react in the complement fixation test, whereas 1 to 8 million r was required to 
produce the same effects on the original filtrate The findmgs indicate that 
the amount of x ray irradiation required to mactivate sugiensions of the 
papilloma vims is greatly influenced by the extraneous material present in the 
vims preparation 

To obtam more data, two other virus filtrates diffenng widely m patho- 
geniaty were tested in comparison with fractions of the same fiJtrates after 
purification Also the non infectious supernatant fluids obtained after centnf 
ugation of the filtrates at 30,000 R J u for 1 hour were added to some of the 
purified vims suspensions before irradiation to make certam that the 
extraneous material in the filtrates made necessary the large amount of x rays 
which was required to inactivate the viras filtrates 

Exptnireri 4— 10 per cent virus filtrates of the highly infectious papillomas of 
W R 1 71 and W R. 50 respectively were prepared m the usual wa> Previous 
tests had shown that the material of W R. 50 yielded but a small amount of virus 
A portion of each filtrate was spun m the air driven centn/uge at 30 000 R J* ar for 
1 hour and the supernatant fluids were carefully removed One half of the sediment 
of each filtrate was then resuspended to the original volume in 0 9 per cent s a lin e 
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The remaining portion of the virus sediment of W R 1-71 was resuspended m the 
supernatant fluid from the filtrate of W R 50 obtained after the high speed centnfuga- 
tion w hile the sediment of W R SO was resuspended in the supernatant fluid of W R 
1-71 All of the resuspended suspensions were then spun at about 4500 rpm for 
1 hour Nitrogen determinations showed that virus filtrate W R 1-71 contained 

0 557 mg per cc , the purified virus fraction 0 02S mg per cc , and the fraction re- 
suspended in the supernatant fluid of the W R SO filtrate 0 34 mg nitrogen per cc 
Virus filtrate W R 50 contained 0 335 mg per cc , the purified virus fraction 0 021 
mg per cc , and the purified fraction suspended in the supernatant fluid of W R 
1-71 0 566 mg per cc The virus filtrates and the purified saline suspensions of 
each, as well as the supernatant fluids removed from the filtrates after centrifugation 
of the latter at 30,000 rpm for 1 hour were rubbed into scarified areas of three 
domestic rabbits In addition each preparation was tested for capacity to fix two 
units of complement in mixture with immune serum D R 2 diluted 1 16 in saline 

The results are summarized m Table IV It will be seen that virus filtrate 
W R 1-71 contained considerably more virus and complement-binding antigen 
than virus filtrate W R 50 The purified preparations of the filtrates were 
only slightly less infectious and reacted m slightly lower titer in the complement 
fixation test than the filtrates The supernatant fluids, on the other hand, 
contained practically no virus (the supernatant fluid of the \V R 1-71 filtrate 
elicited a solitarj' grow th m only one of the test rabbits) and had no capacity to 
react in the complement fixation test 

The virus matenals were irradiated m small scaled glass tubes, each containing 

1 cc of one or another of the various fluids Each tube was exposed to a different 
amount of x-ra>s, from 100,000 r to 2,000,000 r, and the specimens were rubbed into 
scanfied skin areas of three domestic rabbits 

Table V shows the results of the irradiation The highly infectious virus 
filtrate W R 1-71 elicited a few discrete papillomas m two of three test rabbits 
after exposure to 2,000,000 r of x-ray irradiation The purified suspension of 
the filtrate, on the other hand, was almost completely inactivated by 500,000 r 
The purified preparation of the virus suspended in the supernatant fluid of the 
W R 50 filtrate was as resistant as the origmal filtrate to the effects of the 
x-rav s It should be noted that the same amount of virus was present in the 
purified virus preparation suspended m saline as m the preparation suspended 
in the supernatant fluid of the filtrates, a fact confirmed by the results of in- 
fectiv it> tests (not giv en in detail in the table) Hence the difference in 
sensitiv it> of the two preparations to x-rays can only have been due to the 
presence of the extraneous material in the latter Similar results were obtained 
with the W R 50 virus preparations 2,000,000 r completely inactivated the 
filtrate, and no papillomas were elicited by the purified fraction suspended in 
saline after 500,000 r of \-ray irradiation The purified fraction suspended 
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m the supernatant fluid of the W R 1-71 filtrate, though containing more 
nitrogen than any of the other preparations, was also completely mactivated 

TABLE V 


Influence of Exlrancous Material on X-Ray Inacltvalton of the Virus 





Test 

rab 

Pftthogcmcit> tcstsfl 

Virus Iso 

Virus preparation 

Nitro 

sen 

X ra> irradiation 




Control 

100 000 
r 

500 000 

r 

1000 000 

r 

2 000 000 

r 



mg pet 
cc 

a 

**** 

**** 

**** 


* 


(1) Filtrate 

0 557 

b 

**** 




4 

1 



c 


*** 


** 

0 


(2) Punfied fraction 


d 

♦*** 

**** 

4 

0 

0 

1 

of (1) suspended in 

0 028 

c 

***« 

♦♦♦♦ 

0 

0 

0 

W R 1-71 

sahnej 


f 

**** 

1 


4r 

0 ! 

1 

0 


(3) Punfied fraction 









of (1) suspended in 


a 

**** 


**** 1 

**** 

* 


non infectious super- 

0 340 

b 

1 **** 

**** 

**** 

*♦*4 

* 


natant fluid of W R 
so filtrate! 


c 

\ ♦** 

*** 

1 

** 

1 

** 

4 



1 

a 

' **** 

' **** 

' 

\ 

0 


(4) Filtrate 

0 335 

b 

**** 


♦ ** 


0 




1 c 

*** 


** 

* 

0 


(5) Punfied fraction 


d 

*** 

** 

0 

0 

0 


of (4) suspended in 

0 021 

e 

*** 

*** 

0 

0 

0 

R SO 

salmel 


f 

*** 


0 

0 

0 


(6) Punfied fraction 









of (4) suspended m 


a 


*** 

*** 

0 

0 


non infectious super- 

0 566 

b 


«*4t 


* 

0 


natant fluid of R 
1-71 filtrate! 


c 

*** 

** 

** 

* 

0 


t Portion of the filtrate spun at 30,000 r p it for 1 hour, the supernatant fluid removed, 
and the pellet of sediment suspended in sahne to the original volume 

§ Same as above, except that the pellet of sediment was suspended m the supernatant 
fluid of a filtrate after centrifugation at 30,000 R p it for 1 hour 
1 Gm V ths on the 42nd dav after virus inoculation 

b} 2,000,000 r of irradiation The W R 50 vuais preparations contained 
considerabh less varus than the R 1-71 preparations (Table IV), and it 
seems likelj that this will account for the fact that more irradiation was 
required to inactiv ate the latter preparation 
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In another experiment the effect of x rays on the complement fixing antigen 
of purified papilloma vims preparations of widely different capaaties was 
tested (Table VI) 700 000 r of x ra> irradiation was necessary to abolish the 
complement bmdmg capacity of the W R 2 95 vims preparaUon which con 
tamed much of the antigen, whereas the W R D virus preparation that con 
tamed considerably less was completely inactivated after closure to 300 000 r 
The findings (Tables V and VI) show that virus suspensions contammg much 
vims required more irradiation to abolish the mfectivity and the capacity to 
fix complement than comparable prqjarations contammg less virus 

TABLE VI 

Effect of Irraduihon on the Complement Fixtng CapacUy of Purified Virus 


ComplemcQt Sxjitioa tc&l 


X ny 

Ponfied vini» W R- J W 

Purified vims W R D 

IrrediatloQ 

Dilations 

Dilutiooi 


1 10 

1 20 

1 40 

1 80 

1 160 

1 320 

1 10 

1 20 

1 40 

1 80 

retnlitns 

Controls 

++ 

+++i: 

++++ 

++++ 

++++ 

± 

++ + + 

+++ + 


0 

100 000 

+ 

+++4- 

++++ 

++++ 

+++ 

0 

+++ 

dr 

Q 

0 

300 000 

•h+4’+ 

++++ 

++++ 

++++ 


n 

0 

mm 

H 

0 


++ 


0 


mm 

P 

0 

PI 

□ 

0 







P 




0 


• Complement 2 umts m all tubes 
Immune semm F2 1 16 
•• Tno differential centrifugations 


Influence oj Normal Rabbit Serum on the Effects of Irradiation 

Will normal rabbit semm — which is wholly innocuous for the vims — influence 
the effect of x rays on purified suspensions of the papilloma vims? 

Experiment 5 —A 10 per cent virus filtrate (IV R 140) was purified by two dif 
ferential centrifugations, as previously descnbed The material was resuspended to 
the original bulk An equal volume of fresh normal rabbit serum diluted 1 10 with 
isotonic sabne was added to a portion of the purified virus preparation and to another 
portion an equal volume of 0 9 per cent saline was added The suspension m rabbit 
serum contamed 0 887 mg nitrogen per cc while that m saluie contained only 0 0078 
mg of nitrogen per cc The virus preparations ts ere then exposed to x rays m 
amount from 100 000 r to 800 000 r m small sealed glass tubes Comparable prepara 
tions of the virus m serum and m saline were irradiated together Inoculation u-as 
done into three normal rabbits and the complement fixation test was also earned out 

The results are summarized in Table TO The virus suspended in saline 
was largely inactivated by 100 000 r of x ray irradiation After exposure to 
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400,000 r It elicited no papillomas and failed to react in the complement fixa 
tion test The same virus suspended in 10 per cent normal rabbit serum, on th 
other hand, was still highly infectious after exposure to 800,000 r thoug] 
partial mactivation had occurred, and it still reacted m the complement fixatioi 
test m a dilution of 1 40, the control speamen reacted m ddution of 1 SO 
Manifestly normal rabbit serum protects the papilloma vnms from doses o 
X ray that are sufficient to destroy the virus in sahne suspension 

Influence of Crystalline Egg Albumin on the Effects of X Ray Irradiation 
These results made it seem likely that the extraneous protem m the viru' 
filtrates and m rabbit serum protected virus from the x rays In a further tesi 
a purified virus preparation which had been suspended in a phosphate buffei 
solution and in a solution of crystalline egg albumm, respectively, were exposec 
simultaneously to the rays 

Experiment 6 — A 5 per cent virus filtrate of the papillomas of W R 2 9s was pun 
fied by three differential centrifugations The pellets of virus sediment obtamed bj 
the high speed centrifugations were resuspended m the original volume of 0 05 i. 
phosphate buffer solution, pH 6 6 The final virus preparation had 0 0014 mg ol 
mtrogen per cc A portion of the virus suspension was then diluted tenfold with th« 
buffer solution and another portion similarly diluted with a solution of crystalline 
egg albumm The egg alburmn was kindly suppbed by Dr A E Mirsky The 
original solution of it had been crystallized three times and contamed 75 3 mg proteui 
per cc but it was diluted with the buffer solution before mixing wnth the virus suspen 
Sion so that the final virus-egg albumin suspension had a nitrogen content of 0 712 
mg per cc., which is comparable to the mtrogen content of papilloma virus filtrates 
The two virus preparations were simultaneously exposed to 100,000 r of x rays m 
small glass tubes The control and irradiated virus fluids were then rubbed mto 
scarified sUn areas of six domestic rabbits 

The results of the experiment arc shown m Table VIII There was no differ 
ence m the infectivity of the control suspensions of virus in buffer and m buffer 
plus egg albumm, both eliciting about the same number of papillomas with 
comparable mcubation periods m the test rabbits There was a strikmg differ 
ence, however, in the effect of x rays on the two virus preparations 100,000 r 
completely mactivated the vims suspended m the buffer solution whereas the 
same amount of x rays had only a sUght effect on the infectivity of the virus 
suspended m the solution of egg albumm 

Relation of Virus Concenlraiton to Percentage Inachvaiion by X Rays 
Because of the influence of extraneous protem on the radiation effect, it 
seemed of interest to compare the percentage mactivation of a concentrated and 
a buffer diluted virus solution by the same amount of x rays 
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Expenment 7 —A 5 per cent Berkefeld V filtrate of the papillomas of W R E 
(pooled, naturally occumng growths from seven Kansas cottontails) was prepared 
m the usual wa> The filtrate, which contained 0 287 mg of nitrogen per cc , was 
punfied by Uo differential centrifugations, with resuspcnsion of the pellets of virus 
sediment in 0 05 M phosphate buffer solution, pH 6 6 To obtain a concentrated 
suspension of virus, the final volume of buffer solution used was one fourth that of 
the original volume of virus filtrate The final punfied suspension had 0 00896 mg 
of nitrogen per cc It was exposed together mth a portion diluted with 20 volumes 
of buffer to 50 000 r of x ray irradiation Irradiation was done m small glass tubes 
of 1 cc volume As controls, portions of the concentrated and diluted virus fluids 
were not irradiated but were submitted to identical conditions in other respects 
Six normal domestic rabbits were inoculated with the materials Each was rubbed 
mto two skm areas of e\ er> rabbit, so that a total of tw elve areas recei\ ed each virus 
fluid The animals were carefully examined at 2 day intervals for the tune of ap 
pearance of the papfllomas, since the incubation period (the tunc from virus inocula 
tion to appearance of the growths) is largely determined by the amount of virus 
present m the inoculum (9) 

The results of the experiment are summarized m Table CC The concen 
trated control virus fluid was highly infectious, ehating papillomas in the test 
rabbits after a mean mcubation period of 10 2 days, the growths rapidly forming 
large confluent papillomatous masses The virus specunen that had received 
50,000 r of X ray irradiation was only slightly less infectious than the control 
virus fluid, as evidenced by a mean incubation period of 11 0 days Almost as 
many papillomas were eliated as by the control vims fluid The control vims 
fluid, that had been diluted twentyfold, elicited papillomas with a mean mcuba 
tion period of 14 2 days The diluted virus suspension that had received 50,000 
r of X ray irradiation, on the other hand, was largely inactivated, ebcitmg only 
a few discrete papillomas m nme of the twelve inoculated areas, and the average 
incubation penod of the growths that appeared was 21 0 days 

The wide difference in the percentage inactivation of the virus was attested 
also by difference m the incubation period of the papillomas 

The fact is well known (1, 9) that the incubation period vanes with the amount of 
papilloma virus inoculated For the purposes of the present work three expenments 
were done with a virus filtrate and two punfied suspensions respectively to learn the 
effect of a twentvfold dilution of a highly pathogenic virus preparation on the mcuba 
tion penod The penod was found to be lengthened by 4 0 to 4 5 days Using this 
value and the form of the relationship found by Bryan and Beard (9) it is possible to 
calculateroughly the percent of virus remammg infectious m irradiated virus fluids It 
would appear that m Expenment 7 56 per cent of the concentrated virus suspension 
remained infectious after 50 000 r of irradiation but only 0 7 per cent when the 
preparation bad been diluted twenty tunes before irradiation 

To enlarge the findings a more comprehensive experiment was done, using 
another purified virus preparation and amounts of x rays rangmg from 3,000 r 
to 50,000 r 
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Experiment ^ —A 5 per cent virus filtrate (W R 2 95) was purified by three dif 
ferential centnfugations, with resuspension of the pellets of sedunent m 0 05 m phos- 
phate buffer solution pH 6 6 The final pellets of sediment were resuspended in 
one fourth of the original volume of the buffer solution m order to obtam a potent 
V ITUS preparation The \nrus fluid was faintly opalescent and had 0 028 mg of mtro 
gen per cc The virus suspension m the ongmal concentration and a portion diluted 
twentyfold were then simultaneously closed together to 50,000 r of x ray irradiation 
in 1 cc volumes in sealed glass tubes, as prewoudy descnbwi The twentyfold dflu 
tion of the virus fluid and a portion diluted to 1 1000 were similarly irradiated with 
10,000 r while another portion of the latter dilution of virus received only 3,000 r 
The specimens were inoculated into six normal domestic rabbits, each into two areas 
of each rabbit, save for the specimen exposed to 3 000 r which was inoculated into 
only one area on each rabbit As m the preceding experiment, the animals were 
carefully examined at 2 day intervals for papillomas 

The results are summarized m Table \ The concentrated virus suspension that 
received 50 000 r of x raj irradiation elicited only slightly fewer papfliomas than the 
control non irradiated virus fluid yet the same dose of x ray almost completely mac 
tivatcd the virus suspension diluted twenty times the control vims fluid remaining 
highly infectious The difference m incubation penod of the control and irradiated 
concentrated virus fluids was 1 3 days, mdicatmg that 40 per cent of the virus was 
still infectious after irradiation The incubation period of the virus fluid that had 
been diluted twenty times was maeased from 14 3 to 24 3 days from which one may 
infer that only 0 08 per cent of the vims was still active 10,000 r had only a slight 
effect on the number of papillomas eliated by the virus suspension dfluled twenty 
times but it lengthened the incubation penod from 14 3 to 15 7 days (about 38 per 
cent of the vims remaining infectious), while the same dose of z ray almost com 
pletely inactivated the vims diluted 1,000 times and increased the mcubation penod 
of the papillomas that appeared by 4 8 days (3 1 per cent of the vmis remammg 
pathogenic) 3 000 r of x ray irradiation had a pronounced effect upon the vims in 
the suspension diluted 1,000 tunes The irradiated vims fluid eliated only a few 
growths m four of the six test rabbits while the control vims fluid caused many 
discrete papillomas in all, and the difference m the incubation period of the papillomas 
chated by the control and irradiated virus specimens was 1 7 days, (28 per cent 
of the virus remammg infectious) 

Complement fixation tests vnth the above vims materials showed that SO 000 r of 
irradiation had no significant effect on the complement bmdmg antigen of the con 
centrated vims suspension and the same amount of x ray inactivated less than 50 
per cent of the antigen m the vims suspension diluted twenty tunes 

The findings of Experiments 7 and 8 show that the percentage inactivation 
of papilloma virus m purified suspensions increases as the concentration of 
virus is decreased by dilution (Tables IX and X) It is remarhable that the 
low dose of 3,000 r inactivated over 70 per cent of the vims in a suspension 
diluted 1 000 times, yet 50,000 r was necessar> to produce roughly the same 
percentage wactivauon of the purified virus in concentrated suspension 
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In a further experiment the percentage inactiv'ation of a virus filtrate 
following irradiaton also increased when the filtrate was diluted with sahne 
The percentage inactnation did not increase, however, when the same fil 
trate was diluted with the non infectious supernatant fluid of a portion of 
the filtrate 


X Ray Irradtation of Scrum Antiviral Antibody 


It seemed likely from the preceding experiments and the results on irra 
diation of enzymes (17 19) that the factors of concentration and content of 
extraneous protein would influence the inactivation bv x rays of other proteins 
having different biological functions To determine the fact the effect of x raj s 
on serum antibodies was tested m the next experiment 
The papilloma virus elicits a specific serum antibody that is capable of neu 
tralizmg the xinis or of fixing complement in mixture with it (4) Studies on 
the immunological reactions of the virus and its specific antibody have shown 
that the virus, or an integral part of it, is responsible for both reactions (4, 5 7), 
and that the complement fixation test affords a reliable method of demon 
stratmg the antibody specifically directed against the papilloma virus Fur 
therraore the antiviral antibody can be partial!} purified by precipitating the 
globulin fraction from w hole rabbit serum with ammonium suUate (10) Con 
sequently the effect of x rays on the complement bmdmg antibody ^ole 
immune rabbit serum and m the fracUon of serum precipitated with half 
saturated ammonium suUate was compared m the next experiment 


Rxperttncrit 9 —Immune scrum was obtained from a domestic rabbit (D R I Wl) 
which had received two mtiapentoneal injections of W cc of a 10 per cent ^p.Uoma 
virus filtrate (\^ R 2 95) The serum was dnuted 1 4 wrth isotonic »l-ne A 
portion was mixed with an equal volume of satumted ammonium f « 

nanding at room temperature tor 30 mmutes the preapitate was sedunented by 
centr.fugat.on at about 4500 a P M for 10 mrnu.es It was ^ 

original volume of sahne and d.alyred agamst isotomc salme ™ht m the re 

had ^6 mg of j celluloid tubes The control and irradiated 

exposed together ™ f ] for Opacity to fix 2 units of complement m murtum 
serum specimens were then ^ j the antigen 

noth a papilloma virus extract (W R U) tmuma ‘ ^ 
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ting rays of ultra violet uradiation cannot have been an unportant factor in the 
result Extraneous protein must protect the virus in some other way In this 
relation much unportance attaches to the findmg that the percentage inacti 
vation of the virus in purified preparations by a constant amount of uradiation 
IS dependent on the concentration of vurus, the percentage destruction mcreas 
mg as the concentration of vmus was decreased by ddution If the molecular 
ionization or excitation resultmg from the high energy secondary electron 
occurred m the virus molecule itself, as postulated for other large molecular 
weight substances, — vaccme virus (14) and bacteriophage (15), for example, — 
because of the observed exponential relationship between inactivation and 
dose, then whj should extraneous protein or virus concentration influence the 
percentage mactivation of the virus? It might be assumed that the presence 
of extraneous protem or of large numbers of virus molecules stabilizes the 
ionized virus molecule m some unknown way after it has been “hit,” perhaps 
by some process analogous to the quenchmg of fluorescence But this re 
quires additional assumptions for which a factual basis is lacking The find 
mgs as a whole can be best explained by assuming that the mactivation of the 
virus by x rays, particularly m dilute and purified virus suspensions, does not 
result primarily from direct hits on virus particles, but comes about mdirectly 
through chemical reaction with some other molecules, probably those of the 
water present m the virus suspension, which become ionized or excited through 
absorption of the x rays On this mterpretation the observed influence of 
dilution of the vuxis or of the removal of impurities is readily understandable 
A limited number of reactive water molecules w ould be formed m a unit volume 
of material by a given dose of x rays and the greater the amount of virus or 
impurities present m the suspension and exposed together with the virus to 
the effects of these activated water molecules, the smaller the fraction of virus 
that would be inactivated Fncke (16) has proposed such an explanation of 
the effects of x ra3^ on the relativelj small molecular weight proteins, pepsm 
and trypsm (17), and Woodward (18) had made the same assumption m con 
nection with her experiments on hpase The recently reported experunents of 
Dale (19) on the x ray mactivation of carboxj’peptidase at various dilutions 
provide convmcmg evidence for this mechanism of x ray action on enzymes 
Our experiments mdicate that such an mterpretation will best explain the 
mactivation of serum antibody by x rays 
The findmgs raise the question whether indirect chemical reactions are im 
portant for the chromosomal or genetic effects produced by x rays Cells 
contain a high concentration of protem and other materials and it seems likely 
that the mduect x ray effects of actuated water molecules would become less 
important as the concentration of the solution increased But until these 
conditions can be defined both the direct and mdirect mechanisms should be 
considered m the effects of x rays on chromosomes and genes 
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INACTIVATION OF RABBIT PAPILLOMA VIRUS 


The X-rays did not alter the papilloma virus in any qualitative respect, while 
reducing or abolishing its infectmty Such portion of it as remained patho- 
genic elicited characteristic papillomas and these only The demonstration 
that a larger dose of x-ray is necessary to abolish the complement-bindmg 
capacit> of the papilloma virus than to render it non-mfectious accords with the 
findings with certain plant viruses (20) and provides another means of destroy- 
ing the infectivity of virus suspensions without removmg the capacity of the 
virus to act as an antigen 

SUMMARY 

The pronounced resistance to the \-rays manifested by the papilloma virus 
in ordinary suspensions is due to the protecting influence of extraneous matter 
and also in considerable degree to the amount of virus present m the prepara- 
tion Two to 4 million r w ere required to inactivate the virus contained in the 
crude papilloma extracts prepared for the present work, whereas 100,000 r or 
less w’as enough to inactivate comparable concentrations of virus after ex- 
traneous matter had been excluded by repeated differential centrifugation 
The addition of normal rabbit serum or crystalline egg albumm to purified 
suspensions of virus was found to increase greatly the amount of irradiation 
required to mactivate the virus Furthermore the percentage destruction of 
virus by a given amount of irradiation increases as the concentration is de- 
creased by dilution with saline or buffer solutions As little as 3,000 r will 
inactivate much of the virus m very dilute suspensions The complement- 
binding antigen of papilloma virus suspensions is also mactivated by x-rays, 
but requires a somew’hat larger amount of irradiation than necessary to 
destroy the mfectivity of the suspensions 

The effects of irradiation on the antiviral antibody present m the blood of 
animals which have become immune to the virus — an antibody that speci- 
fically fixes complement in mixture with the papilloma virus — are also condi- 
tioned by extraneous material 250,000 to 500,000 r had only a slight effect on 
the antibody in whole serum, while this amount of irradiation completely m- 
activated comparable amounts of antibody in preparations partially purified by 
precipibit’^w ith ammonium sulfate 

As r ' ^ findings mdicate that under certam conditions of purity and 
concer t of the radiation does not act by direct hits on virus or 

antibo but mdirectly by ionizing or exciting some other molecules 

present ‘ suspension, which then react with the virus or antibody 

molecule 
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Since th w ent to press a * r\ publication by Luna and Exner 

1) on the f several strai lophage by x-rays has appeared 

j found eported for t* virus', that extraneous proteins 

protcc St x-ray ina [ hage, and furthermore that the 
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inactivation of phage by x rays xs greatly increased when the suspensions are diluted 
^ith water or saline 
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COMPARATIVE VIRULENCE OF ST LOUIS ENCEPHALITIS VIRUS 
CULTURED WTTH BRAIN TISSUE FROM I2WATELY 
SUSCEPTIBLE AND INNATELY RESISTANT MICE 

By L T WEBSTER, MJ) , ajh> MARY S JOHNSON 
{From the Laboratones oj The Rockefeller Institute for Medical Research) 
(Received for publication, July 3, 1941) 

There is reason to believe that the response of normal mice to experimental 
moculation of St Louis encephalitis virus depends largely upon properties of 
the brain tissue itself Thus, virus dropped into the nares of innately resistant 
mice reaches the bram as promptly as virus similarly instilled mto closely re- 
lated, yet innately susceptible mice (1-3) Again serum from innately re 
sistant mice is identical with that from susceptible mice m having no deleterious 
effect upon the virus The mam point, however, is that virus reachmg the 
bram of resistants, no matter by what route, fails to increase m quantity beyond 
a certain point at which it is still harmless to the animal, whereas m the bram 
of susceptibles it mcreases 10,000-fold m amount above the point reached in 
resistant animals and brings about widespread nerve cell destruction and death 

To gam further information on the behavior of this virus m the bram tissue 
of susceptible and resistant mice, rve turned to tissue culture methods and com 
pared the titres of virus in different combinations of tissue plus serum mixtures 

Tecbntgtie 

Culture media consisting of serum Tvrode solution plus tissue were prepared 
according to the methods of Rivers and t\ard (4) and Lloyd Theiler, and Ricci (S) 
except that embr>o mouse brains were employed rather than whole mouse or chick 
embryo 

Tvrode solution from stock was measured accordmg to the needs of each experiment 
and to It serum was added m a proportion of 10 per cent Three types of serum w ere 
used-normal rabbit, normal adult mouse of a genetically resistant stram and normal 
adult mouse of a closely related yet genetically susceptible strain (3) This 10 per 
cent serum Tvrode solution was then filtered through a Seita pad and transferred m 
4 0 cc quantities to SO cc Erienraej er flasks Brain tissue from embryo or l-day-old 
mice of three types was prepared and added to the tUtered serum T 3 ^ode solution m 
flasks m the foUowmg manner Embryos from pregnant females of the W Swiss 
stram of mice were removed close to term their brains enucleated washed m saline 
and minced with scissors Brains from l-da\ -old genetically susceptible and resistant 
mice (3) were also prepared in the same manner Enough scrum Tyrode was added 

4S9 
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E^CEPHALITIS VIRUS CULTURED 'WITH BRAIN TISSUE 


to the minced bram to make a 33 per cent suspension 3 gtt or about 0 15 cc of this 
tissue suspension nas added to each flask containmg 4 0 cc of serum-Tyrode 

The vims inoculum consisted originally of 1 per cent suspension of infected brain 
tissue of a mouse injected intracerebrally with St Louis encephahtis vims The 
flasks were incubated for 3 or 4 davs at 37°C and 1 cc of the supernatant was then 
transferred to the next flask 

The cultures w ere earned m tnpheate with suitable tests for bactenal contaminants 
The activity of the culture vims was measured after 3 to 4 days mcubation by 
preparing senal dilutions of a centrifuged supernatant and injecting 0 03 cc of each 
mtracerebrally into 3-weeks-old W-Swiss mice Two, and occasionally four or six 
mice, were used for each dilution 

Under these conditions we have cultivated the St Louis encephalitis vims success- 
fully since early 1935 ^ 


EXPERIMENTS 

The beha-vior of St Louis encephalitis -virus m culture media contauung 
bram tissue from (a) susceptible and (b) resistant mice was compared m the 
follow mg manner 

A control medium was set up consistmg of Tyrode plus 10 per cent adult rabbit 
semm plus brain tissue from embryo W-Swiss mice near term A “susceptible 
medium” was also prepared consistmg of Tyrode plus 10 per cent pooled semm from 
adult susceptible mice and bram tissue from 1-day-old susceptible mice, and a “re- 
sistant medium” of Tyrode plus 10 per cent pooled semm from adult resistant mice 
and bram tissue from 1 day-old resistant mice 

Three flasks of each medium were inoculated with 1 cc of culture vims from a 
previous control mouse embryo passage Following 3 or 4 days mcubation, 1 cc from 
each flask was transferred to another flask of similar medium At least eight serial 
passages w ere made and certain of these cultures were titrated for vims activity 

The comparative actmty of St Louis encephalitis -virus in media containmg 
resistant and susceptible sera and bram tissue is showm m Tables I and II 
Table I records the duration of life of mice mjected with eighth-passage ma- 
terials Mice dying of St Louis encephalitis virus infection did so after 5 to 9 
day's with rare exceptions Titration end-pomts were clear-cut In this test, 
the Swiss embryo culture titred 0 03 cc of the 1 10,000 dilution or better, the 
susceptible mouse culture, 1 10,000, and the resistant mouse culture, 1 160 
dilution, a 62-fold difference Table H summarizes the results of four senes of 
tests It show s, first of all, unpredictable variations m titre from test to test 
but consistency' as to relative titres Thus, in series 4, the eighth-passage 

'Jerome T Sy'verton and George P Berry reported the successful cultivation of 
St Louis encephahtis -vims m Science, 1935, 82, 596 
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tests were consistently tenfold lou er than the fourth passage tests Secondly, 
the tests show that titres of virus in embryo brains are generally higher than 
those in 1-day-old brains Finally, and of greatest interest to the present 
study, is the fact that the \nrus in the resistant media in each of eight tests 
showed a titre 1/lOth to 1/lOOth of that m the susceptible media 
The question next arose of w hether the relatively low virus titre m the re 
sistant media might possibly be due to the presence of resistant serum rather 
than to resistant brain tissue 

Culture media were set up and mocutated as m the prev lous experiment ex 
cept that tw o additional types of media were added one containing sera from 
susceptible adult mice plus brain tissue from resistant 1 day old nuce, and the 

TABLE I 


VtTvltnct of St Lows Encephalitis Virus Cultured tn Susceptthle and Eeststant Media 
Senes l--8th Passage 
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• Mouse dead of St Louis eccephahtis 5 days following jojcction 
S ■■ moxise survived 30 days foUowng injection 


other, sera from resistant and brain tissue from susceptible mice The com 
parative titres of virus m these sev eral media are sho\vn m Table III 

As in previous tests, the virus titred higher in embryo brain than m bram 
cultures from newborn mice, and different tests showed different end points 
Of chief concern, however, was the fact that virus cultured with susceptible 
brain showed similar titres, regardless of whether the serum came from sus- 
ceptible or resistant mice and virus cultured with resistant bram showed 
similar titres regardless of whether the serum came from resistant or susceptible 
mice The titre of virus m resistant brain cultures remained 1/lOth to 1/lOOth 
as high as that m susceptible bram cultures In all, seven comparative tests 
have been made with sunilar results 

*F Howell Wnght who tested the %'anabihty of titre of St Louis encephalitis 
V irus dunng and between expenments m our laboraton noted that between expen 
ments titres often vaned tenfold m either direction and occasionally one hundredfold 
but that the relation of titres of \ irus in different media remained consistent 
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ENCEPHALITIS VIRUS CULTURED -WITH BRAIN TISSUE 


Satisfied that the superior multiphcation of St Louis encephahtis virus in the 
brain tissue of susceptibles as contrasted with that of resistants is due to differences 
in the brain tissue itself, regardless of whether the tests are earned out w vivo 
or in vitro, ve next attempted to determine whether the difference m titre m 
tissue culture was due to stimulatmg factors m the susceptible bram or to 
inhibitmg factors m the resistant brain The followmg protocol is an example 
of one of these tests 

TABLE n 


VtruJence of St Louts Ettcephalths Virus Cultured in Susceptible and Resistant Media 

Summaiy of Results 


Senes 

Medium 

4th passage 

6th-8th passage 

Titre 

0 03 cc of 
dilution 

Differ 
ence m 
litre 

Titre 

0 03 cc of 
dilution 

Differ 
ence in 
titre 

1 

Rabbit serum — Swiss embryo bram 



1 10,000+ 



Susceptible mouse semm and bram 


\ inn 

1 10,000 

l62 


Resistant mouse serum and bram 

1 10 

) 

1 160 


3 

Rabbit serum — Swiss embryo bram 



1 100,000 



Susceptible mouse serum and bram 


1 10 

1 1,000 

\ cn-i- 


Resistant mouse serum and bram 


1 

<l 20 

{ «5u*r 

4 

Rabbit serum — Swiss embryo bram 



1 1,000 



Susceptible mouse serum and brain 


\ inn 

1 100 



Resistant mouse serum and bram 

1 10 


0 

rtuui- 

5 

Rabbit serum — Swiss embryo bram 

1 100,000-f 


1 100,000 



Susceptible mouse serum and bram 



1 10,000 

ho 


Resistant mouse serum and brain 



1 1,000 

1 


Cultures w ere prepared as above uith the addition of two more sets, one of sus- 
ceptible mouse serum and susceptible bram tissue from newborn mice plus 0 5 cc of 
the supernatant from centrifuged 10 per cent resistant bram tissue, and the other of 
resistant mouse serum and resistant neubom bram tissue plus 0 5 cc of the super- 
natant from centrifuged 10 per cent susceptible bram tissue 

This procedure was planned to demonstrate a possibly enhancing effect of 
susceptible extract containmg relatively few cells or an inhibiting effect of 
resistant extract Table IV shows that virus in the susceptible media titred 
1 10,000 and m susceptible media plus resistant extract, the same, — 1 10,000 
I irus m resistant media titred 1 500 and m resistant media plus susceptible 
extract, shghtly higher, — 1 1,000 to 1 5,000 This shght difference occurred 
on repetitions of the test but it remains of questionable significance 















494 


ENCEPHALITIS VIRUS CULTURED IVITH BRAIN TISSUE 


SUMMARY 

We find that St Louis encephalitis virus cultured in 10 per cent serum- 
Tyrode solution plus brain tissue from 1-day-old innately susceptible mice 
attains a higher titre than when cultured m a similar solution plus bram tissue 
from 1-day-old closely related, yet innately resistant mice This difference in 
titre persists regardless of whether the serum comes from innately susceptible 
or resistant mice The relatively high titre of virus m the susceptible media is 
not affected by the addition of an extract (not cell-free) from the resistant 
bram, the relatively low titre of the virus in the resistant media may possibly 
be slightly enhanced by the addition of an extract from the susceptible bram 
The findmgs as a whole show that the marked difference m the mcrease of 
St Louis encephahtis virus in the bram tissue of mnately susceptible and re- 
sistant mice, on culture in vitro, is due to some difference m the brain tissue 
Itself 
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SUMlIARy 

find that St Louis encephalitis virus cultured in 10 per cent serum- 
Tyrode solution plus brain tissue from 1-day-old innately susceptible mice 
attains a higher titre than when cultured in a similar solution plus bram tissue 
from l-da 3 '-old closely related, jet innately resistant mice This difference in 
titre persists regardless of whether the serum comes from innately susceptible 
or resistant mice The relatively high titre of virus in the susceptible media is 
not affected by the addition of an extract (not cell-free) from the resistant 
brain, the relatively low titre of the virus in the resistant media may possibly 
be slightly enhanced by the addition of an extract from the susceptible brain 
The findings as a whole show that the marked difference in the mcrease of 
St Louis encephahtis virus m the bram tissue of innately susceptible and re- 
sistant mice, on culture m vitro, is due to some difference in the brain tissue 
itself 
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The findings as a whole show that the marked difference m the mcrease of 
St Louis encephalitis virus m the bram tissue of mnately susceptible and re- 
sistant mice, on culture tn vitro, is due to some difference in the brain tissue 
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Particulate components of tissue cells sedimented by high speed centrifuga- 
tion from filtrates of organ suspensions have been encountered during attempts 
to purify viruses present in certain infected organs (1-5) In a number of m 
stances, normal tissues have been found to yield particulate matter remarkably 
similar to that derived from diseased cells A considerable amount of evidence 
indicates that such particles derived from the lungs of mice infected with the 
virus of influenza A are earners of the pathogemc agent (6) 

Claude has pomted out the possible identity of such cellular components with 
mitochondria Since these cytological constituents are believed to play a sig 
nificant r61e in specific cellular metabolism and differentiation, the suggested 
mitochondrial origin of the isolated particles implies that they may possess 
specific serological properties Some experiments demonstratmg such sero- 
logical specificity have been reported briefly (7) The present paper constitutes 
a more detailed and extended study of the subject 

Materials and Methods 

Preparation of Normal Organ Particles — The •several organs of ether killed Swiss 
mice were usuali> frozen at —72°C immc<iiatel> after dissection and stored at —10 
to — 15 C Organs from rats rabbits and ferrets were obtamed m similar manner 
while organs from bulls and pigs were secured from the abattoir shortly after the death 
of the animals and stored at —lOto —15 C immediately upon amval at thelabora 
tory Human organs were taken from cases coming early to autopsy only those or 
gans wnthout apparent damage being retained 

The organs were ground with sand and powdered Pyrex to form a 10 to 20 per cent 
suspension m sabne buffered at approxunately pH 7 0 After low speed ceutnfuga 
tion the supernatant fluid was either passed through a medium Handler or Berkefeld 
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filter or centrifuged at 4,000 to 5,000 r p Ji for 30 minutes This was followed by 
repeated centnfugation (8) at 20,000 to 25,000 r p u for 20 minutes The pellet 
obtained was resuspended in fresh buSered sahne after each centnfugation, by means 
of a rubber-tipped plunger with a diameter shghtly less than that of the tube The 
washed matenal was then centnfuged at 1,500 r p M to remove any larger aggregates 
Particles from the following organs were prepared brain, kidney, liver, lung, heart 
muscle, pancreas, spleen, and testicle 

The matenal sedimentable from Berkefeld filtrates m each case formed a translu- 
cent, yellowish to reddish brown pellet of gelatinous consistency Under dark field 
examination, the resuspended particles gave an impression of size uniformity and a 
diameter of 0 1 to 0 3p was indicated by considerations based on the physical constants 
of the filter and centnfuge 

The nitrogen content of the suspensions used as antigens was determined by means 
of turbidity measurements with a Klett-Summerson photoelectric colorimeter 1 ml 
of the suspension was diluted with 4 ml of 0 1 N NaOH, and the turbidity was then 
determined usmg a blue number 42 filter Cahbration curves for each of the several 
kinds of organ suspensions were plotted giving the nitrogen content per milhhter 
against the turbidimeter reading The procedure made possible rapid estimation 
of the N content of a suspension within about 10 per cent 

For the injection of rabbits, suspensions with approximately 0 01-0 1 mg N/ml 
were used, depending on the yield of particles from the vanous organs For the ag- 
glutination tests, suspensions containing 1-2 mg N/ml were found to give the most 
satisfactory results, and for the complement fixation reaction the latter suspensions 
were used diluted serially beginning with a 1 5 or 1 10 dilution of the original antigen 
Brain particle preparations contained only one-third as much N as the other concen- 
trates 

Lipotd Extracts — For preparation of alcohohc extracts the bovine organs were 
passed through a meat gnnder and dned from the frozen state after which approxi- 
mately 20 ml of 95 per cent alcohol was added for each gram of dned matenal After 
48 hours at room temperature, the extract was filtered through paper The final 
preparations of alcohohc extract contained 1 to 2 per cent of hpoid by weight For 
serological tests, the extracted matenal was suspended in sahne by diluting 1 ml of 
extract with 5 ml of sahne added dropwise 

Ground and dned organs were extracted with ether in a similar manner, but in this 
case the extract was dned down in an evaporating dish and the residue emulsified in 
sahne A milk> suspension resulted in both mstances 

Preparalim of Antisera — ^Rabbits of about 3 to 4 kilos weight were inoculated 
intravenously or intraabdominally with 2 ml amounts of the vanous suspensions at 
2 to 3 day intervals In some instances, five mjections led to a satisfactory antibody 
response (hver, kidney), in others up to mne injections were necessary (lung, testicle) 
This may have resulted from the fact that the concentration of particles as determined 
by the amount of N per milliliter of suspension vaned among the different prepara- 
tions 

Intravenous injechon of the organ particle suspensions led to rapid death in a num- 
ber of rabbits, and autopsy usually revealed clotted blood in the large veins and in the 
nght heart Even intra-abdominal injection resulted in the loss of two rabbits. 
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filter or centnfuged at 4,000 to 5,000 r p ii for 30 minutes This was followed by 
repeated centnfugation (8) at 20,000 to 25,000 e p ii for 20 minutes The pellet 
obtained was resuspended in fresh buffered sahne after each centnfugation, by means 
of a rubber-tipped plunger with a diameter shghtly less than that of the tube The 
washed matenal was then centnfuged at 1,500 r p ir to remove any larger aggregates 
Particles from the following organs were prepared brain, kidney, hver, lung, heart 
muscle, pancreas, spleen, and testicle 

The matenal sedimentable from Berkefeld filtrates m each case formed a translu- 
cent, yellowish to reddish brown pellet of gelatinous consistency Under dark field 
e\amination, the resuspended particles gave an impression of size uniformity and a 
diameter of 0 1 to 0 w as mdicated by considerations based on the physical constants 
of the filter and centnfuge 

The nitrogen content of the suspensions used as antigens was determined by means 
of turbidity measurements with a Klett-Summerson photoelectric colorimeter 1 ml 
of the suspension was diluted with 4 ml of 0 1 n NaOH, and the turbidity was then 
detenmned usmg a blue number 42 filter Cahbration curves for each of the several 
kinds of organ suspensions were plotted giving the nitrogen content per milhhter 
against the turbidimeter reading The procedure made possible rapid estimation 
of the N content of a suspension within about 10 per cent 

For the injection of rabbits, suspensions with approximately 0 01-0 1 mg N/ml 
were used, depending on the yield of particles from the vanous organs For the ag- 
glutination tests, suspensions containing 1-2 mg N/ml were found to give the most 
satisfactory results, and for the complement fixation reaction the latter suspensions 
were used diluted senally beginning with a 1 5 or 1 10 dilution of the onginal antigen 
Brain particle preparations contained only one-third as much N as the other concen- 
trates 

Lipoid Extracts — For preparation of alcohohc extracts the bovine organs were 
passed through a meat gnnder and dned from the frozen state after which approxi- 
mately 20 ml of 95 per cent alcohol was added for each gram of dried matenal After 
48 hours at room temperature, the extract was filtered through paper The final 
preparations of alcohohc extract contained 1 to 2 per cent of hpoid by weight For 
serological tests, the extracted matenal was suspended in sahne by diluting 1 ml of 
extract with 5 ml of sahne added dropwise 

Ground and dned organs were extracted with ether in a similar manner, but in this 
case the extract was dned down in an evaporating dish and the residue emulsified m 
sahne A mdkv suspension resulted m both instances 

Preparation of Antisera — Rabbits of about 3 to 4 kilos weight were inoculated 
intravenously or intraabdominally with 2 ml amounts of the vanous suspensions at 
2 to 3 day intervals In some mstances, five injections led to a satisfactory antibody 
response (hver, kidney), in others up to nine injections were necessary (lung, testicle) 
This may have resulted from the fact that the concentration of particles as determined 
bv the amount of N per miUiliter of suspension vaned among the different prepara- 
tions 

Intravenous mjecUon of the organ particle suspensions led to rapid death in a num- 
ber of rabbits, and autopsy usually revealed clotted blood m the large veins and m the 
nght heart Even mtra-abdominal mjection resulted in the loss of two rabbits. 
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although in these cases death did not occur immediately after the injection as m the 
case of intravenous administration Experiments with mice showed that the toxjaty 
could occasionally be neutralized by normal rabbit serum (9) and could be eliminated 
by a number of the particle antisera 

The rabbits were bled 8 or 9 days after the last injection and the sera stored at 
— 10 to — I5®C Normal scrum taken from the same rabbits before the injections 
were begun was also kept frozen for reference 

Agglutinaiion Tests — For the shde agglutination reaction the inside of a large 
Petn dish (diameter 20 on ) was marked into 16 squares with a wax pencil A drop 
of serum, usually diluted 1 1 with sahne, was placed m each square and a drop of 
particle suspension added After stimng each mixture with an individual tooth pick 
or wooden appheator the Petn dish was closed and mverted Further agitation of 
the fluids was obtained by rotating the dish m the horizontal plane Readings were 
made after 5, 10, and 20 minutes at room temperature and recorded m the usual 
notation 0 «= no agglutination 4 =» all particles clumped in one or two large patches, 
1 to 3 “ vanous degrees of dumping 

For the test tube agglutination serial dilutions of antiserum were made and equal 
amounts of the particle suspensions added to a total volume of 0 4 ml Readings were 
made after 30 and 60 minutes at 37®C although m some instances (kidney, bver) 
flocculation occurred almost immediately m the more concentrated serum For the 
agglutmation of red blood corpuscles a 1 per cent suspension of ivashed erythrocytes 
was used The readings were graded m the usual ivay 0 « no agglutination, 4 
complete agglutination with dear supernatant fluid, 1 to 3 vanous degrees of ag 
glutination 

CompUmeni Ftxaitaii Reacipjn — Senal dilutions of the patbde suspensions were 
made and equal amounts of diluted antiserum and complement were added (0 2 mL of 
each) After a preliminary incubation for 1 hour at 37®C 0 4 ml of a 2 5 per cent 
suspension of sensitized sheep cells were added and readings were made after 20 and 
60 minutes at o7®C Two units of complement and 2 umts of amboceptor were 
employed The readings were graded as follows 0 *» no hemolysis tr = trace of 
hemolysis, wk * weak st « strong, ac — almost complete, c =* complete hemolysis 

Absorpii07i of Antisera - — A suffiaent amount of a suspension of paitides was 
sedimented at 20,000 R j u and the supernatant flmd carefully drained off The 
sediment was resuspended m undiluted antiserum, meubated for 30 mmutes at 37 C 
left overnight m the refngerator centnfuged again at 20,000 r p m for 20 mmutes 
and the supernatant fluid used A second absorption w’as usually not required 

experhientai. 

General Activity of the Antisera 

The study of the general activity of the various antisera against organ parti 
cles revealed that precipitins for the serum of the speaes from which the parti 
cles were derived were absent, or present in small amounts only Agglutinins 
for red blood corpuscles of the homologous species usually were not increased as 
compared with the control serum taken before immunization In a few m 
stances however, a rise m the normal red blood cell agglutmms was noted, 
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which in two anti-mouse hver sera appeared to be significant (> eightfold) 
The sera against murme organ particles all hemolyzed sheep cells m the presence 
of complement, thus mdicatmg the formation of Forssman antibodies This 
observation confirmed that of Furth and Kabat (4) who worked with particles 
derived from the spleen of the chicken which, like the mouse, belongs to the 
Forssman group of animals The Kahn test and the Wassermann reaction were 
positive m a number of rabbits, but sera taken from the same anunals before 
immunization were also positive 

Tissue Specificity 

Shde agglutination of various normal murme, bovme, and a few human organ 
particles by homologous and heterologous antisera gave essentially similar re- 

TABLE I 


Slide igglutination of Bonne Organ Particles by Selected Homologous and Heterologous Antisera 


Suspensioa of porUcles derived from 

Rabbit serum (1 1) vs particles 

1 of bovme 

Normal 

sera* 

Bnun 

Eudney 

Liver 

Lung 

Heart 

muscle 

Testicle 

Bram 

3 

0 

0 

0 

0 

0 

0 

Kidney 

0 

4 

0 

1 

0 

0 

0 

Liver 

0 

0 

4 

0 

0 

0 

0 

Lung 

0 

0 

0 

2 

0 

0 

0 

Heart muscle 

0 

2 

0 

0 

4 

0 

0 

Testicle 

0 

0 

0 

0 

0 

3 

1 0 


* Includes all sera taken from the vanous rabbits before unmunization was begun 


suits Table I shows the results obtamed with bovme particles and selected 
antisera against bovme organ particles Few cross-reactions between the 
diSerent organs were found More overlappmg was observed with other sera 
and in the shde agglutination reaction of murme particles (7) The crude or- 
gan suspensions tested agamst homologous particle antisera were rarely floc- 
culated, and if so only to a slight degree 
Cross-reactions between the various particles and the correspondmg anti- 
sera mcreased w ith the number of mjections This observation is m agreement 
with similar findmgs m other immunological fields Furthermore, the age of 
the particle preparation appeared to affect the specificity of the results As 
the time of storage m the refrigerator was mcreased more and more non-speci- 
fic reactions were noted and auto-agglutmation of the suspensions became ap- 
parent Therefore, the particle preparations were tested shortly after their 
preparation was complete and were usually not used after 48 to 72 hours 
Two additional techniques were employed to establish more defimtely the 
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which m two anti-mouse hver sera appeared to be significant (> eightfold) 
The sera against murme organ particles all hemolyzed sheep cells m the presence 
of complement, thus mdicatmg the formation of Forssman antibodies This 
observation confirmed that of Furth and Rabat (4) who worked with particles 
derived from the spleen of the chicken which, like the mouse, belongs to the 
Forssman group of animals The Rahn test and the Wassermann reaction were 
positive m a number of rabbits, but sera taken from the same animals before 
immunization were also positive 

Tissue Specificity 

Shde agglutmation of various normal murme, bovme, and a few human organ 
particles by homologous and heterologous antisera gave essentially si m ilar re- 


TABLE I 

Slide Agglutination of Bonne Organ Particles by Selected Homologous and Heterologous Antisera 


Stispexi^ioii of patticles demed from 

1 

Rabbit senun (1 1) t; particles 
of bovme 

Normal 

sera* 

Bram 

Eadney 

Liver 

Lung 1 

1 

Heart 

muscle 

Testicle 

Bnun 

3 

0 

0 

0 

0 

0 
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Kidney 

0 

4 ' 

0 

1 
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Liver 
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0 1 

4 

0 

0 

0 

0 

Lung 

0 

0 

0 

2 

0 

0 

0 

Heart muscle 

0 

2 

0 

0 

4 

0 

0 

Testicle 

0 

t 0 

0 

1 0 

0 

3 

0 


* Includes all sera taken from the vanous rabbits before immunization was begun 


suits Table I shows the results obtamed with bovme particles and selected 
antisera against bovme organ particles Few cross-reactions between the 
different organs were found hlore overlappmg was observed with other sera 
and m the shde agglutmation reaction of murme particles (7) The crude or- 
gan suspensions tested against homologous particle antisera were rarely floc- 
culated, and if so only to a sbght degree 

Cross-reactions between the various particles and the correspondmg anti- 
sera mcreased with the number of mjections This observation is m agreement 
with similar findmgs m other immunological fields Furthermore, the age of 
the particle preparation appeared to affect the specificity of the results As 
the tune of storage m the refrigerator was mcreased more and more non-speci- 
fic reactions were noted and auto-agglutmation of the suspensions became ap- 
parent Therefore, the particle preparations were tested shortly after their 
preparation was complete and were usually not used after 48 to 72 hours 
Two additional techmques were employed to establish more defimtely the 
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specificity of the antibodies, vtz^ scrum titration and absorption of the sera 
with heterologous particles Upon dilution of the serum the agglutination of 
homologous particles was still positive when the heterologous reactions had be 
come negative (Table II) However, the difference m titer between the horaol 
ogous and heterologous sera was not very striking and more convmcmg results 
were obtamed with the absorption technique 
After absorption of the sera v, ith heterologous particles a definite homologous 
reaction remamed (Table HI) although most of the cross reactions were re 
moved, especially by liver and kidney preparations Lung and heart particle 
suspensions did not absorb all the cross-reacting antibodies, but, smce no at 
tempt at quantitative absorption was made, conclusions as to the significance of 
this findmg would be premature Complete absorption of the sheep cell hemol- 


TABLE n 

E^ffed of Jhlution of Anitserum on Cross Rcacitons 


Senan 

dUuUoas 

Rabbit terum Against p*rttcle« 
of bovine 

Nonaal urtas 

I Kidney ] 

1 Liver 1 

Kidney 

puilda 

1 

partlclea 

Kidney 

pankla 

Liver 

parilclo 

Kjdney 

particles 

Liver 

puticles 

1 2 

4 

2 

2 

4 

0 


1 4 

4 

1 

1 

4 

0 

1 ^ 

1 8 1 

1 

0 

0 

3 

0 

0 

1 16 1 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 


ysins did not remove or alter the cross agglutinations This mdicates that the 
cross-reactions were not caused by interference of the Forssman antigen Sim 
ilarly, the distribution of precipitms for serum, red blood cell agglutinins and 
Wasserraann antibodies m the various sera did not furnish an eiqjlanation for 
the cross-reactions, since no correlation with these antibodies could be es- 
tablished 

Organ specific antibodies were obtamed against particles from bram, kidney, 
lung, hver, and testicle Reactions with particles derived from heart muscle 
were found to be specific with some preparations but not with all The 
mouse spleen particle antisera reacted only with the spleen preparation but all 
the other antisera gave a similar degree of agglutination with spleen particles 
except that against bram particles (7) The only antisera that did not show 
any reactivity were those against murme pancreas suspensions It may well 
be that the amount of antigen mjected was insuf&aent m this case, smce the 
yield of pancreas particles was necessarily limited Pancreas from other speaes 
has not been studied as yet 
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ment recorded m Table IV are included m this simplified form m Table V 
Vfiien the serum was serially diluted and a constant amount of particle suspen- 
sion added, similar demonstrations of doimnant organ specificity were obtained 
Cross-reactions again could be removed by absorption with heterologous 
particles The high speed centrifugation mvolved in this process removed all 

TABLE VI 


Effect of Absorption of Antiserum with Organ Particles on the Specificity of the Complement 

Fixation Reaction 


Suspension of particles 
derived from bovine 

Serum absorbed 
with particles 
from 

Highest dilution of particle suspension reacting 
with rabbit serum (1 10) vs particles 
of bovine 

Normal 

serum 

Brain 

Heart 
' muscle 

1 Kidney 

Liver 

1 

Lung 

Testicle 


Brain 


1 160 

0 

0 

1 20 

1 20 


0 


Kidney 

1 80 

0 

0 

0 





Liver 

1 80 

0 

0 

0 

0 

0 


Heart muscle 



0 

1 40 

0 


1 10 

1 10 

0 


Kidney 

0 

0 

0 

0 

1 0 

0 



Liver 

0 

0 

1 0 

0 


0 


Kidney 


1 40 

1 40 

1 160 

1 20 

1 

1 20 


0 

1 

Kidney 

0 

0 

0 

0 

0 

0 



Liver 

1 10 

0 

1 80 

0 

0 

0 


Liver 



1 10 

1 20 

1 20 

1 160 


1 20 

0 


Kidney 

0 

0 

0 

1 80 


0 



Liver 

0 

0 

0 

0 

0 



Lung 


1 40 

1 40 

1 40 

1 40 

1 160 

1 40 

0 


Kidney 

0 

0 

0 

0 

1 80 


i 


Liver 

1 10 

0 

1 10 

0 

1 80 


1 

Testicle 

— 

1 20 

1 20 

1 20 

1 40 

1 40 

1 160 

1 5 


Kidney 

0 

0 

0 

1 S 

1 10 

1 80 



Liver 

1 5 

0 

0 

0 

1 20 

1 80 



traces of antigen-antibody complexes which otherwise would have interfered 
w ith the reaction by showmg “anticomplementary” activity of the serum Re- 
sults obtamed with the absorbed sera are given m Table VI All or most of 
the cross-reactions were ehmmated by absorption with kidney particles, and 
usually with liver particles, leavmg a distmct homologous reaction in aU the 
antisera except that against heart muscle In the exceptional case, although 
the native serum reacted dominantly with the homologous antigen, all reactiv- 
it> could be removed with either hver or kidney particles The cross-reactions 
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between testicle and lung particles were apparently not quantitatively removed 
by tbe absorption with either kidney or hver particles 

TABLE Vn 


Spccw Spuifictty of Pofltclu Dented from Varunis Organs 
(Slide AggluitmUton) 


RtSbU (cnun vi 
particles derived from 

Serum absorbed 
with puUclea of 

Firtlculate antifco derived horn 

BuU 1 

1 Mouse 1 

Rit 

Rabbit 

1 Ferret 

( 

j Man 





I 

KIdne 




Beef kidney 

— 

4 

0 i 

0 

0 


0 


hlouse kidney 

— 

0 ' 

4 

0 

0 


0 


Rat kidney* 

— 

0 

0 

2 

0 


0 






n lud] 

s 



Beef lung 

— 

3 

1 ^ 

0 

0 

1 “ 

1 ^ 

1 

Mouse lung 

— 

0 

1 3 

1 

0 

1 0 

1 0 

1 





ni TesUde 



Beef tesUde 

— 

4 1 

1 ^ 1 






Mouse testide 

— 

0 

1 3 1 










rV Heart musde 



Beef heart musde 

— 

3 1 

1 * i 

1 

0 



1 ± 

hlouse heart musde 

— 

d: 

1 3 ! 


0 



1 0 





V Liver 



Beef liver 

— 

4 

3 

3 

0 

2 

2 

3 


Mouse hver 

2 

0 

0 

0 

0 

0 

0 

hlouse hver 

— 

3 

4 

3 

0 

2 

2 

1 


Beef hver 

0 

3 

1 

0 

0 

0 

0 

Rat hver* 

— 

3 

3 

4 

1 

1 ^ 

2 

3 


Beef hver 

0 

1 

4 

0 

0 

0 

0 

Rabbit hver* 

— 

0 

0 

0 

1 

1 0 

0 ' 

0 





VI Bram 



Beef bram 

— 

3 

3 

3 

3 


4 



Mouse bram 

± 

0 

0 

0 


0 


Mouse bram 

— 

2 

2 

2 

1 


2 



Beef bram 

0 

0 

0 

0 


0 



* Antisera against 'whole organ suspension 


Species Spectjicily 

It was found that most of the particles showed speaes specifiaty m addition 
to the organ specific differentiation (Table VH) Antisera against bovme kid 
ney agglutmated bovme kidney particles but did not react with kidney prepara 
tions derived from mice, rats, pigs, or rabbits Similarly, antisera to lung, 
heart muscle, or testicle particles agglutmated only the preparations from the 
homologous speaes There were, however, slight cross-reactions between 
mouse and rat preparations 

On the other hand, bram antisera reacted with bram particles of all the 
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different species tested, even the rabbit, m which the antiserum was produced 
Absorption of the bram antisera with heterologous bram particles removed not 
only the cross-reactions w ith all bram preparations from heterologous species 
but also most or all of the activity with brain particles of the homologous 
species 4.ntisera against liver particles, likewise, showed a rather broad 
specificity, t e , antiserum to bull liver agglutmated to various degrees hver 
preparations from all the different species except the rabbit, which animal was 
used for the antibody production However, absorption with hver prepara- 
tions from heterologous species left a strong agglutination of hver particles from 
the homologous species but removed all cross-reactions 
WTien the complement fixation technique was used with higher dilutions of 
serum, cross-reactions were observed with hver preparations from a few species, 
but not with all It appears that the liver particles are dommantly species 
specific but a small fraction of antigen common to all species is likewise present 
The complement fixation test occasionally gave cross-reactions with heterol- 
ogous organs from various species Such reactions were not observed m the 
agglutination test which appears, therefore, to be more specific under the condi- 
tions of these experiments 

Iso-hnmumzatwn 

Some rabbit antisera against whole liver suspension showed a shghtly differ- 
ent reactivity as compared with hver particle antisera m that they also shghtly 
agglutmated rabbit liver particles One rabbit whole hver antiserum aggluti- 
nated only rabbit hver particles to a shght degree (Table Vll) The specificity 
of this reaction has not been studied Attempts at iso-immumzation with 
particles derived from various rabbit organs have been made However, no 
iso-antibodies to particles derived from liver, kidney, lung, and bram have been 
noted after as many as 19 mjections, while hetero-antibodies were formed after 
5 to 10 mjections 

Some Properties of the Antigens Involved 

The antigens reactmg m the complement fixation test with the various 
homologous and heterologous antisera are all heat-labile with the exception of 
the bram suspensions, t e , they are destroyed by heatmg the suspensions to 
lOO’C for several mmutes Bram particle suspensions, on the other hand, 
w ithstood heatmg for 20 mmutes without apparent loss of serological activity 
Smce alcohol-soluble substances have been found to be responsible for organ 
specific reactions m a number of instances (10, 11, 12, and others) the antisera 
against bovine organ particles were studied for their content of lipoid anti- 
bodies Antisera against particles derived from bram reacted with alcohol or 
ether extracts of bram, and no cross-reactions were observed with extracts de- 
nt ed from other organs None of the other sera contamed significant amounts 
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of lipoid antibodies, although some slight fixation of complement occurred m 
the highest concentration of extract used (Table Vin) 

The relationship of this alcohol extractable antigen to the cross reactmg 
substance m bram particle suspensions was studied by the absorption tech- 

TADLE Vni 


Complement Fixation Reaeiion wth Alcoholic Organ Extracts and Varunts Anttsera against 
Parltctdate Antigens 


Alcobobc extiact of bovine 

Hlgheit dilation of ciuoct rcMling with rabbit »erum (1 10} ts 
poiUcuUte uugen 
of bovine 


Bram 

Heart 

Kidney 

Liver 

Lung 

Testicle 

Brain 

1 1280 

0 

0 

0 

0 

0 

Heart 

1 5 

0 

0 

0 

0 

<1 5* 

Kidney 

0 

0 

0 

0 

0 

<1 s 

Lwer 

1 5 

0 

0 

0 

0 

<1 S 

TesUcle 

0 

0 

0 

0 

0 

<1 5 


* Partial fixation of complement m this dilution 


TABLE rX 

Rdatwmhip beiii'cen ilcohol^olitble and Heat Stable Organ Sputjic Antigens in PariuJes 
Derived from Brain 


IliSbat dUuUOD of uilifeo giving complcU 
buiioo of coffiplcffleot 


Rabbit serum w 
particles derived 
from 

Serum absorbed vrilb 

Particles den ed from brain of 

Bull 

I... Mouse 

1 Native 1 10 100 C. j 

Alcoholic 
extract of 
bovine 
bra Q 

Bull brain 






(1 10) 

— 

1 320 

1 320 

1 160 

1 1280 


Mouse brain particles 

1 10 

0 

0 



Alcoholic beef bram extract 

1 80 

1 80 

1 40 

0 

Mouse brain 





1 

1 

(1 10) 

— 

1 160 

1 SO 

1 80 

1 160 


Beef bram particles 

0 

0 

0 



Alcoholic beef bram extract 

1 80 

1 40 

1 40 

0 


mque Table IX shows that (a) after absorption with heterologous brain 
particles, the homologous as well as the heterologous reaction was removed 
and {b) after absorption with alcoholic extracts, a strong reaction with homol- 
ogous and heterologous bram particles remamed not only against native sus 
pensions but also against heated preparations There are, therefore, at least 
two cross reactmg bram antigens present in these preparations, one extractable 
by cold alcohol or ether, the other not extractable by these solvents, but like- 
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Wise heat-stable In addition, a few sera showed a small amount of species 
specific antibodies 


DISCUSSION 

The chemical nature and cytological identity of particles derived from normal 
organ filtrates by high speed centrifugation is under mvestigation, and the 
evidence that they may be rmtochondria is strong The chemical composition 
(1) and stammg properties, particularly by Janus green B (7) are m favor of 
such a view The serological specificity found m this study adds further sup- 
port since the rSle usually ascribed to mitochondria m cellular differentiation 
and metabolism implies organ specific structure 

The most specific serological results were obtamed by the agglutmation re- 
action Particles from all the organs tested revealed a certain organ speci- 
ficity with the exception of those from the pancreas, m which case the amount 
of antigen mjected probably was msufficient for the production of antibodies 
The particles were differentiated by an earher, and usually stronger, agglutma- 
tion in the homologous than m the heterologous antisera Absorption of the 
sera with heterologous particles left the organ specific agglutmms In addition, 
all particles except those derived from bram exhibited species specificity Some 
cross-reactions were observed between the liver particle preparations from 
various species but particles from the homologous species were generally ag- 
glutinated first, and absorption with hver particles from a heterologous species 
did not abolish the homologous reactivity of the serum Bram particle reac- 
tions, on the other hand, were mdependent of the species Absorption of the 
brain particle antisera with heterologous bram particles removed all or most of 
the reactivity, mcludmg that due to bram particles from the homologous 
species 

The results of the complement fixation reaction with the particle concen- 
trates resembled those reported m the hterature for whole organ suspensions or 
extracts thereof Early attempts to demonstrate organ specific structures 
in suspensions of various organs yielded more or less mdefimte results, with the 
well known exception of the lens of the eye {cf 13) More recently, Witebsky 
and his collaborators have studied the serological specificity of a number of 
different organs and hpoid extracts thereof While brain suspensions ex- 
hibited a clear-cut organ specific structure comparable to that of the lens m 
that it w as mdepiendent of the species (12), parenchymatous organs such as the 
hver and kidney showed only occasionally organ specific dominance and the 
reactions were at the same tune limited to the species (12, 14) Suspensions of 
kidney were studied by Landstemer and van der Scheer (15) and Hahn (16), 
preparations of testicle by Lewis (17) and Krupe (18) Using the globuhn 
fraction of organ suspiensions, organ specific antibodies were demonstrated for 
the thjTOid gland by Hektoen, Fox, and Schulhof (19) and for preparations of 
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pancreas and adrenals by Witebsky (20) Also WolS (21) was able to differ 
entiate between proteins of kidney and liver by serological means using es 
peaally prepared antigens free of bpoids In most of these studies, cross re 
actions were quite marked and the demonstration of organ specific antibodies 
sometimes obscured 

Also, m the present studj , involving particulate fractions of the various or 
gans, more cross-reactions were encountered m the complement fixation test 
than m the agglutination reaction but the particulate nature of the antigen 
made it possible to use absorption technique to advantage Traces of antigen 
antibody complexes left m the absorbed serum were removed completely by 
high speed centrifugation and so did not interfere m subsequent tests 

The importance of alcohol-extractable substances m the serological spea 
fiaty of organs has been demonstrated by Landsteiner and van der Scheer (10), 
Witebsky (11), Witebsky and Steinfeld (12), and others The particles from 
normal organs studied by us possessed a relatively large percentage of hpoids 
(12 to 20 per cent) However, antibodies to these alcohol or ether extractable 
matenals w ere formed only in the case of bram particles which were found to be 
stnctlj organ specific but not speaes specific. The lack of response to tlie 
hpoid fractions of whole organ suspensions in rabbits was observed by Witebsky 
who studied the availabihty of lipoids as antigens m such mixtures (22) He 
found that the injection of suspensions of brain, lens, and certain tumors evoked 
Upoid antibodies, while other normal organ suspensions failed to do so 

The serological reactivity of alcoholic extracts of brain (12) agrees with the 
observation that onl> the particles derived from this organ withstood heating 
to 100® C for 20 minutes without much loss of reactivity The reactivity, how 
ever, was not entirely due to this hpoid fraction, since the absorption of the 
brain antisera with alcohohe bram extract left a distinct reactivity of the serum 
with heated bram particle suspensions Two antigemc components are, there 
fore, present m these preparations, both independent of the species One is 
soluble in cold alcohol or ether, while the other is not extractable by these 
solvents Both are heat stable The relationship of this second antigen to 
the protagon fraction desenbed by Sachs and Schwab (23) or to the antigen 
present in bram infusion broth as studied by Bailey and Gardner (24) has not 
been eluadaled The outstanding behavior of the bram particles, however m 
addition to the low mtrogen content of these suspensions in contrast to other 
organ preparations, makes it questionable whether or not we deal with the same 
type of material in the two different groups 

In the present study we have dealt with organ specific and species specific 
antigemc properties of particles from certam organs, and with combinations of 
the two, te, species and organ specific antigens The need for adequate 
terminology to describe such structures is already apparent, and will doubtless 
become pressing when the studies have been extended to broader groups such 
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as the various classes of vertebrates, and the animal phyla Various types of 
organ specificity have been enumerated by Witebsky (25) 

The question of iso-immumzation will also be of interest Attempts to im- 
munize rabbits with particles derived from various rabbit organs have not 
yielded positive results However, it should be pointed out that it is not 
possible to iso-immumze with whole organ suspensions (12) unless they are 
altered by certain procedures (26, 27) Suspensions of spermatozoa consti- 
tute an exception (see 28) 

Preliminary studies to determine the presence of possible nephrotoxic sub- 
stances in the rabbit os mouse kidney particle sera have yielded negative re- 
sults thus far The question whether or not c)h;otoxic substances may be 
present m other antisera remains to be investigated 

The relationship of the particles studied m this report to certain virus dis- 
eases IS under mvestigation in various laboratories The use of specific anti- 
sera against normal organ particles in attempts at purification of viruses from 
organ suspensions was considered a possibility, but, in the case of the virus of 
influenza A, present in mouse lungs, such a procedure was found to be ineSec- 
tive( 6) The normal mouse lung particle antisera agglutinated particles de- 
rived from infected lungs to a high degree and subsequent titration of the virus 
in the supernatant fluid and the agglutinate revealed that most of the virus was 
present in the latter This indicated the earner r61e of the lung particles for 
the virus of influenza A and further evidence pertaimng to this point will be 
presented elsewhere 


SUMMARY 

1 Particles denved from filtrates of organ suspensions by high speed centri- 
fugation ivere serologically active as shown by agglutmation and complement 
fixation techmques Particles from brain, hver, lung, kidney, heart muscle, 
spleen, testicle, and pancreas of various species have been studied 

2 All particles showed a certain degree of organ specificity with the excep- 
tion of pancreas Cross-reactions occurred between the particles from various 
organs from one species, which were more marked when complement fixation 
techmque was employed than by the agglutination test However, agglutina- 
tion alwajs appeared earlier and was stronger, and complement fixation was 
positive in higher dilutions of antigen in the presence of homologous antiserum 
than with heterologous antisera 

3 The cross-reactions did not depend on the occasional precipitins for serum 
and the agglutimns for the red cells of the species from which the particles were 
denved, nor did they bear a relation to Wassermann and Forssman antibodies 
present in some of the sera 

4 The organ specific difierentiation of the particles from various organs 
could more clearly be demonstrated by two means The antiserum could be 
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diluted m such a way that only the homologous reaction still showed a positive 
result while the cross-reactions had become negative, or the cross reacting 
antibodies could be absorbed by heterologous particles and the homologous re 
action was still more or less mtact 

5 In addition to the organ specific differentiation, most particles were found 
to exhibit species specifiaty While the particles derived from kidney, lung, 
testicle, and heart muscle aggregated only m the presence of the antiserum 
against the corresponding organ particles from the homologous speaes, bram 
particles reacted with brain antisera against both homologous and heteroio 
gous species alike Absorption of brain particle antisera with bram preparations 
from a heterologous species removed all antibodies Liver particle preparations 
show ed an intermediate position m that all liver preparations with the exception 
of rabbit liver particles were aggregated by any Uver particle antiserum 
However, absorption with Uver particles from a heterologous speaes left a 
distinct species specific reaction m the serum 

6 The antigens involved are all destroyed by heatmg to 100® C for a few 
minutes with the exception of brain particles, which after 20 mmutes at 100® C 
still gave complement fixation almost to the same strength as the untreated 
controls 

7 AlcohoUc and ether extracts of bram reacted with the bram particle anti 
sera only All alcohohe or ether extracts of other organs gave no complement 
fixation None of the various other organ particle antisera tested contained 
antibodies for these extracts 

8 The relationship between the heat stable and the alcohol soluble brain 
particle antigen studied by absorption techmque revealed that there were two 
antigens present, both organ specific and independent of the speaes the one 
alcohol and ether soluble, the other not soluble m these solvents but heat 
stable Some of the sera showed besides a few speaes specific antibodies 

9 Preliminary evidence has been gathered to show that no iso immumza 
tion could be obtained with any one of the organ particles As far as cytotoxic 
activity of the sera is concerned only the kidney particle antisera have been 
studied for nephro toxins, these failed to reveal any such activity in the mouse 
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Immunological studies on dextran (Zozaya, 1932, and FitzGerald, 1933), 
a glucose polysaccharide produced by the action of Leuconostoc meseuterouJes, 
have been directed towards its possible properties as an antigen In this 
investigation, however, an attempt has been made to show that dextran pos 
sesses the properties of a haptene, that is, to prove a pure polysaccharide can 
give a precipitin reaction with anti Leuconostoc sera prepared with the homolo- 
gous organisms 

Recently, Hehre (1941) has reported the production from sucrose of an antigemc 
polysacchande by Uvuig cultures of L mesenterouJes and also by an active pnnaplc 
contained in stenle, filtered extracts from these same cultures This polysacchande, 
which IS believed to be identical with the dextran described by Fowler Buckland 
Brauns, and Hibbert (1937), reacted with antisera of Types H and pneumococci 
and with the homologous antiserum of the bactena Apparently this anti Leuconos 
toe scrum was prepared by moculation of rabbits with intact bactena but no details 
of Its preparation are giv cn The dextran, which gave a reaction with the homol 
ogous antiserum, was not isolated or subjected to purification m order to remove 
other antigenic components 


Methods and Results 

Preparation and TUralton of Ant* Leuconostoc Sera — Large scale production of 
L inesenteroides culture No 5 (Hucker and Pederson, 1930) was earned out usmg 
the medium of Tarr and Hibbert (1931) containing only 0 25 per cent sucrose and 
having the peptone solution of ongmal pH 7 2 This medium was inoculated with a 
24 to 48 hour culture and it was found that the addition of 1 per cent tomato juice 
(prepared from canned tomatoes) was necessary for growth of the organisms Incu 
bation was allowed to proceed for 3 days at room temperature (approximately 25®) 
and all precautions were taken to prevent, and ensure absence of, contamination 
Sufficient formalm was then added to give a 1 per cent solution, and the culture was 
stored at 0 for at least 18 hours The organisms were separated by centnfugmg m a 
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large angle-centnfuge, observing sterile precautions The bacterial precipitates were 
washed twice by centrifuging with 0 1 per cent formalinized saline, and some (called 
\ntigen B below) were heated at 80° for hour Other suspensions (Antigen A) 
were not subjected to this heat treatment The organisms were examined, and found 
to be stiU Gram positive, and capsulated The suspensions were then standardized 
against Brown’s (1919) tubes, using pneumococcus values as comparison, since no 
values were available for Lcucouostoc suspensions The concentrations of suspen- 
sions prepared were 2000 X 10®/cc and 400 X 10®/cc Rabbits were inoculated 
intravenously in the marginal vem of the ear, followmg an immunization schedule 
sunilar to that used by Goodner, Horsfall, and Dubos (1937) for the production of 
antipneumococcus sera Rabbits 1 and 2 were duplicates inoculated with Antigen 
A, rabbits 3 and 4, also duplicates, inoculated with Antigen B 

The imvmnizalion schedule involved doubhng the numbers of organisms in succes- 
sive injecbons for 4 days, then rest for 3 days, then inoculations for 4 days, rest, etc , 
until sufficiently high antisera titres resulted Durmg the first 2 weeks of the sched- 
ule, the mjections were increased from 0 1 cc 400 X 10® organisms per cc to 0 4 cc 
2000 X 10® organisms per cc Inoculations were agam commenced at the 10th week, 
and increased to 0 4 cc 2000 X 10® organisms per cc by the middle of the 12th week 
The rabbits were bled after rest for a further 10 days, and the antisera titrated Re- 
moculation for 4 daj s, followed by rest for 10 days, then bleedmg and titration of sera, 
then remoculation (to a maxunum of 1 0 cc 2000 X 10® organisms per cc ) etc , was 
contmued until the final bleedmg at the 19th week of the immunization schedule 

Rabbits 5 and 6 were inoculated during the same period w ith Antigen B, but a 3 or 
4 day rest was allowed between each moculation Work with these rabbits was dis- 
contmued, since the agglutination titres of the antisera were not as high as those of 
rabbits 1-4 

Large-scale bleedmgs were earned out by cardiac puncture, small-scale, from the 
ear The blood was allow ed to clot for 24 hours at room temperature, then the cells 
were separated b> centnfugmg The serum was decanted, sterilized by heating at 
55° for J -2 hour, then stored at 0° in serum vials with 1 10,000 merthiolate as pre- 
serv ativ e 

The agglutmation titres increased during the moculation schedule Table I shows 
these values at the end of the moculation schedule 

The agglutination reactions were carried out at 55° for 6 hours, and the final read- 
mgs were made after a further 12 to 18 hours at room temperature The concentra- 
tion of antigen used was 4 X 10® organisms per cc 

Preparation of Dextran for Precipitin Reactions — ^Dextran was prepared usmg the 
medium of Tarr and Hibbert (1931), modified by the addition of 1 per cent tomato 
juice, and 0 5 per cent calcium carbonate The addition of calcium carbonate was 
found to increase the yields of dextran obtained, probably by neutralizing the acid 
produced, thereby mamtammg the reaction of the culture about pH 6, and perrmttmg 
a longer penod of dextran production Incubation was allowed to proceed for 15 to 
20 davs at 25° The culture solution was then evaporated to about one-fifth its 
volume m vacuum, and m an atmosphere of nitrogen (bath temperature below 50°) 
and the solution mamtained about pH 7 The crude dextran was precipitated by 
pourmg the v iscous concentrate mto three volumes of methanol, washed by grinding 
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With methanol and ether, and then, dned m the air and finally under vacuum at 50® 
The yields of dextran, in the form of a fine, white powder, avera^jCd 25 gm per htre 
of culture 


TiVBLE I 

Tttralton Antt LcuconotU>c Sera (iPth Week) 
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Antibody and antigen controls is ere negative 
+++-1- Large flocculations complete agglutination 
d'+’h Small 

■+*+ Large paiiiclea m suspension 

+ Small 

T Turbidity (probablj due to a precipitm reaction of the polysaccharide) 

t Slight turbidity 

++(+) intermediate betvseen +++ and ++ 


TABLE n 

ittaiysa of Dextran Preparahaas Used as Anitiens tn the Pruipthn Reactwn 
Calculated for (C4H,oO.) C 44 4 H 6 17 


PtepvaUoa 

C 

H 

N 

A&b 


per «*t 

ptr (Oil 

per cent 

ptr c*}U 

A1 

43 8 

I 

6 46 

0 09 0 10 

0 10 0 11 

0 6 

B 

44 4 

6 37 

0 09 0 10 

0 10 0 11 

0 23 

C 

44 1 

6 o5 

0 0S3 

0 078 

0 15 

D (crude dextran) 


0 16 0 16 

0 5 


* All these Kjeldahl nitrogen determinations were earned out using n/100 standard acid 
and base Analyses of A and B were canied out in a standard micro apparatus using 50 to 
70 mg samples Analyses of C and D were earned out in a macro apparatus using 0^ gm 
samples for C, and 0 1 gm samples for D 

t This sample was prepared from a different lot of the crude dextran (D) and only repre 
apitatcd once 

The crude dextran which contamed sucrose was purified by dialysis agauist flowing 
tap water (700 cc per mmute 37 ) for 8 hours using Du Pont No 300 cellophane as 
the membrane. The dextran was precipitated as desenbed above, yielding about 
7 gm from 10 gm of the crude product The purified product gave negative protem 
(biuret and xanthoproteic) and mtrogen tests, and was qualitatively free of reducing 
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sugars and sucrose It contained 0 5 per cent ash, (Preparation D, Table II) and was 
subjected to varying degrees of purification as follows 

(а) Preparation A By elcctrodialysis of a dcxtran solution (4 gm Preparation D 
m approximately ISO cc ) in a small Paub apparatus at 110 v against distilled water 
(temperature below 30® for approximately 60 hours, pH adjusted at mtervals to ap 
proximately 7) The dialyzed solution was filtered, concentrated to approximately 
50 cc and precipitated mto methanol The analyses of this product are shown m 
Table H 

(б) Preparation B Elcctrodialyzed a total of 84 hours, as with Preparation A, but 
against 0 4 per cent sodium hydroxide, (Fowler, BucUand, Brauns, and Hibbert, 
1937) In the first hour or two of such electrodialysis, the temperature rose to 
about 90® but replacmg of the sodium hydroxide solution with water brought about 
a temperature drop to room temperature The distilled water was renew ed at inter 
vals, and another short dialysis penod against 1 per cent sodmm hydroxide was 

TABLE IV 

Precipitin Titrations loitk Anti-Leuconostoc Sera and Dcxtran 


Fine titrations 


Antibody &ad 
dUutfoa 

D 

Diluuoot of ootlse&s (G)/100 

OptusAl ratio B/C 

No 2 13 

A 

30 

40 

50 

m 

67 

75 

86 

100 

109 

120 

134 

150 

2900 (8600/3) 

1 3 

B 

16 

20 

24 

27 

30 

34 

37 

40 

44 

48 

53 

60 

1100 (5400/3) 

1 2 

C 

25 

30 

33 

37 

43 

4S 

50 

54 

60 

67 

75 

90 

2200 

1 3 

D 

8 

10 

12 

13 

15 

17 

20 

24 

27 

30 

34 

40 

800 

No IF 1 2 

A 

20 

25 

30 

35 

40 

45 







1500 

1 2 

B 

16 

20 

24 

27 

30 

34 

Br] 

40 

44 

48 

53 

60 

1700 

1 2 

C 

30 

33 

37 

43 

46 

50 


60 

67 

75 

90 


2700 

1 2 

D 

8 

10 

12 

13 

15 

17 

Qi 

24 

27 

30 

34 

40 

850 


Bold faced numerals indicate optimal proportion tubes 


earned out, then against distilled water until the current was approximately zero for 
some tune The product was recovered in the usual manner and preapitated mto 
methanol three times Analyses of this product are shown m Table II 

(c) Preparation C Identical with Preparation B, except electrodialysis was earned 
out against 1 per cent sodium hydroxide (renewed four times) for approximately 2 
weeks The product was repreapitated three times Analyses of this product are 
also shown m Table II 

Precipitin Reactions — The antisera used were the anti Lenconostoc sera desenbed 
above With dextran Preparation D (Table n), dilutions varymg from 1 100 to 
1 100 000, and antibody dilutions about 1 15 slight preapitation was observed m 
the antiserum from rabbit No 2 only Precipitation occurred, however m higher 
concentrations of these antisera as shown m Table HI The results were read after 
16 to 24 hours at room temperature Fme titrations are shown m Table IV 

DISCUSSION 

For the preparation of anti Leuconostoc sera, several different inoculation 
schedules were tried, and slightly different antigens used Formalin was added 
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to all Leuconostoc suspensions used as antigens to obviate enzymatic changes, 
loss of Gram-positive character, etc (Goodner, Horsfall, and Dubos, 1937 ) 
In addition Antigen B was heated at 80° for hour, and the litres of sera 
produced by this antigen (rabbits 3 and 4) were lower than those produced by 
Antigen A (rabbits 1 and 2) which was not heated m this manner Lower 
litres of antisera were also obtamed when rest periods of 3 to 4 days were 
allowed between each moculation (rabbits 5 and 6) rather than daily mocula- 
tions (rabbits 1, 2, 3, 4) for 4 days, followed by a rest period for the remamder of 
the week In both these cases, however, the number of rabbits was too few to 
make these generalizations regardmg low litres absolutely conclusive 

Early ork (FitzGerald, 1933) has shown that devtran is mcapable of pro- 
duction of antibodies when the nitrogen content of the polysaccharide is 
reduced below 0 2 per cent Zozaya (1932) has shown that, by absorption on 
collodion, dextran may function as an antigen, the inference bemg drawn that 
this immunological activity is due to the colloidal nature of the dextran- 
coUodion complex 

The conclusions, reached m previous work, however, cannot be accepted 
without reservation since there is some doubt whether the dextran preparations 
employed were truly mtrogen-free Although these dextran preparations gave 
a negative qualitative nitrogen test, no highly sensitive quantitative analysis 
was made 

In this mvestigation, an attempt has been made to establish the fact that 
nitrogen-free dextran, while it may not be a true antigen, can function as a 
haptene, that is, give a precipitm reaction with a.nU-Leuconostoc sera prepared 
w ith the homologous orgamsms Considerable effort has been directed toward 
purification of the dextran used m the precipitm reactions in an attempt to 
remove the last traces of mtrogen Preparations of purified dextran have been 
shown to give negative qualitative mtrogen and protem tests However, the 
reliability of such tests as used (e g Heidelberger, Kendall, and Scherp (1936)) 
m the presence of large amounts of carbohydrate is questionable smce the 
presence of carbohydrate appears to reduce their sensitivity This conclusion 
has been borne out by the fact that small amounts of casein when mixed 
w ith starch cannot be detected by quahtative nitrogen or protein tests 

In order to detect the smallest percentage of mtrogen which could possibly 
be present in the dextran preparations, used m this investigation, a highly 
sensitive, quantitative mtrogen analysis procedure has been developed This 
is a modification of the Kjeldahl method m which the usual macro sample {ca 
200 mg ) IS used and titrations made with n/ 100 standard acid and base In 
this way sensitivity of the normal Kjeldahl analysis has been considerably 
mcreased The results, reported for the purest dextran preparation (C, 
Table H), mdicate a nitrogen content of 0 08 per cent It should be pointed 
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out, however, that this value represents the maximum nitrogen content since 
a small blank sometimes results from analytically pure carbohydrates The 
nitrogen content of eadi of tlie purified dextrans is lower than that usually 
reported for pneumococcus polysaccharides to which immunological activity 
IS ascribed (Heidelberger, kendall, and Scherp, 1936, and Broun, 1939) 
The purest dextrin preparation (C, Table II) could have, as a maximum, only 
0 5 per cent protem based on the nitrogen analysis The nitrogenous impurity 
m the dextran might be peptone, which would not m itself influence immuno- 
logical reactions, or bacterial nucleoprotem, or the nitrogen might be an integral 
part of the polysaccharide molecule 

The precipitm reactions, given by the various preparations of dextran, show 
that as the nitrogen content is decreased (compare Preparations C and D, 
Table 11), precipitation takes place at a higher dilution. It seems apparent 
from this relationship that the antigenic activity of the dextran is not dependent 
on traces of mtrogenous impurity smee the small amount of nitrogen (0 1 
to 0 2 per cent) would not be expected to cause the observed variations m 
titres given by the various preparations of dextran (Table HI) Deflection 
of the optimal proportions ratio (Table IV) during the various stages of punfica 
tion IS not clear This may be due to cleavage of the polysaccharide chain as 
a result of contact with alkab during purification Such cleavage might be ex 
pected to give rise to an mcrease m the number of antigenic umts m a given 
weight of dextran An attempt has been made to detect cleavage of the poly 
saccharide cham by viscosity measurements of the various dextran prepara 
tions, but these results are mconclusive since the specific viscosities vaned 
over a wide range when determined at different concentrations 

SDinXARY 

Anti Leuconostoc inesenUrotdcs sera have been produced in rabbits These 
antisera gave precipitm reactions with relatively high dilutions of the homol 
ogous polysaccharide dextran, havmg a maximum mtrogen content of 0 08 
per cent It can therefore be concluded that this dextran is a haptene 

The authors are indebted to Dr E G D Murray, Dr C D Kelly Dr F Smith 
Dr T E Roy, and others of the Department of Bacteriology and Immunity McGill 
University, for their advice and assistance and to the Department of Pharmacology 
McGill University for the housing and care of rabbits used in this investigation 
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THE NATURAL HISTORY OF HUIVIAN POLIOMYELmS 
n Elimination of the Virus* 

By albert B SABIN M D , and ROBERT WARD, M D 
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University of Ctnctnuolt College of Medicine, Cincinnati) 

(Received Jor publication, July 19 1941) 

The purpose of the present investigation was twofold (1) to determine 
by which secretions and excretions infective pohomyehtis virus is chiefly ehmi 
nated from the human body, and (2) to discover, if possible the origin of the 
eliminated virus This study which was to be carried out on living polio- 
myelitis patients was planned simultaneously with another investigation the 
purpose of which was to map the distribution of the virus m the body after 
death (1) The results of this latter task have been reported (1) At the 
time the present study was undertaken, these results were not yet available 
but the foUowuig was known about the elunination of virus in human polio 
myelitis (1) that m several hundred tests recorded in the literature the virus 
had been demonstrated on a number of occasions m nasopharyngeal wash- 
mgs, although the manner m which the tests were performed failed to indicate 
whether the virus originated from the nose or from the mouth and pharynx 
or both (2) that the vnus had been found m the oro-pharyngeal washmgs on 
two occasions durmg the first 2 days of illness in abortive pohomyehtis although 
sirmlar tests on a few patients with paralytic poliomyelitis were negative (2), 
(3) that compared with its rare occurrence m nasopharyngeal v-ashmgs, the 
virus could be isolated with considerable frequency if not regularly from the 
stools of patients with abortive, non paralytic, and paralytic pohomyehtis, and 
“healthy” contacts as well (3-6) 

The commonest explanation for the presence of the virus m the stools had 
been that it had its origin in the swallowed secretions of the upper respiratory 
tract The greater incidence of positive isolations from the stools was ac- 
counted for by the fact that virus swallowed over a period of days could be 
concentrated m the colon When it was recalled that the nasopharyngeal 
washmgs represented at best only a casual sample of the secretions, this ex 
planation did not lack plausibihty and it appeared possible that if these secre 
tions were collected over a period of da 3 rs the virus might be demonstrated in 
them with as great frequency as m the stools In order to test this hypothesis, 

* Aided by a grant from the National Foundation for Infantile Paralysis Inc 
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and \\ ithout any preconceived plan of separating the nasal from the pharyngeal 
and oral secretions, the nasal secretions were collected by alternately pluggmg 
one or the other side of the nose with absorbent cotton for a period of 3 days, 
at the end of this period a stool or enema returns specimen was obtained to 
serv e as an mdev to the presumable accumulation of virus m the lower intestine 
durmg the interval under mvestigation Whenever possible, and that, un- 
fortunately, v.as usually only among the older patients, the oral secretions and 
saliva V ere also collected durmg the same period The urine of a number of 
patients, particularly when clinical signs of bladder mvolvement were present, 
was studied to test the hypothesis that pobomyelitis virus may spread centrif- 
ugally from the spinal cord along certain nervous pathways to the intestmes 
and urmary bladder and ultimately be ehmmated from these sites 

Collection of Specimens and Methods of Preparation 

The matenal for this study was collected m the summer of 1940 from patients m 
Jackson, Michigan, Indianapohs, and Cincinnati ^ 

Nasal Secretions — Absorbent cotton was plugged alternately mto one or the other 
side of the nose every 6 to 18 hours for a period of 3 days As each plug was removed 
(usually soaked with secretions) it was stored in a refngerator At the end of the 
3 days, the 6 plugs usually obtamed from each patient were pooled and transported 
to the laboratory in the frozen state (sohd CO 2 was used) The secretions were 
expressed from the plugs in several steps (1) approximately 4 to 7 cc of undiluted 
seaetion was obtamed by compressing the plugs in a syrmge contaimng a piece of 
wire gauze over its floor, this specimen was centrifuged at about 2,000 R f u for 10 
minutes, the sediment bemg saved for nasal instillation while the supernatant hquid 
after etherization was used m part for intracerebral inoculation and the remainder 
combined with the second extract for mtrapentoneal inoculation, (2) the second 
extract was obtained by maceratmg the plugs m 5 to 10 cc of physiological salt solu- 
tion and again expressmg the fluid with the aid of a syrmge, after centnfugation, as 
above, the sediment was saved for nasal mstillation, and the supernatant hquid, 
after etherization, for mtrapentoneal moculation, (3) the fluid obtained by extractmg 
the plugs with another 10 cc. of physiological salt solution was added without centrifu- 
gation or etherization to the two previous sediments and used for nasal mstiUation 
The etherized specimens were prepared by addmg 15 per cent of anesthetic ether, 
shakmg for 10 mmutes, stonng m the refngerator overnight, and then centnfugmg 
twice at about 2,000 rpxl The vanous extracts were moculated mto the same 
monkey intracerebrally (under local anesthesia), mtrapentoneally, and mtranasally 

Stools or Enema Returns — When a stool could not be obtained at the end of the 
penod of collection of nasal and oral secretions, the returns from a physiological salt 
solution enema were used The amount of sohd matter m the enema returns may not 
be important, since on several occasions we were able to find the virus in enema fluid 
that was only shghtly tmged with brown When sohd fecal matenal was available 
It was thoroughlj ground m suifiaent physiological salt solution, distilled water, or, 

^ We wish to thank Dr Frank Van Schoick of Jackson, Michigan, and Dr 
L>Tnan T MeiLs and Dr Benjamm Siebenthal of Indianapohs for their cooperation 
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whenever present, m enema fluid to maic a 10 or 20 per cent suspension The prepa 
ration of these suspensions for inoculation 'n as the same as that described m a previous 
pubhcation for the colon contents (1) The methods we used m demonstrating the 
virus were influenced brgely by the results reported by Trask, Paul, and Vignec (3) 
and bj those of Howe and Bodian (6) Paul Trask and Card (7) observed that they 
lost very few monkeys when they limited their inoculations of etherized matenal to 
the intrapentoncal route and when the amount m a single moculum did not exceed 
20 cc. Using this method for the most part, the total number of positive virus isola 
tions (IS per cent of S3 patients) reported by Trask Paul, and Vignec (3) was how 
ever, rather low Howe and Bodian (6), on the other hand reported the demonstra 
tjon of virus m 10 of 14 patients (* c about 70 per cent) by simple nasal instillation 
of the untreated stools We compared the two methods on the first five speamens 
we obtained (Table I) and found that in this small test, at least, the mtrapentoneal 

TABLE r 


CompartsoH of Inirapertioneal and Iniranasal Methods for Deiulton of PoUomydiiis Virus 
in Same Specimen of Stool 


PfttlcDt 

Afe 

Centiifiued etherized potUoa 
iatnpexItefiezUy 

Untreated portion lalianasally 



Total dose 

Rault 



Wak 

T» 

2\ 




NP 

McG 

2 




0 

VdB 

2 

33 

0 

18 

0 

Gil 

2 

40 

0 

1$ 

0 

Kec 

12 

42 

0 

18 

0 


P » paralytic poliomyehtis m inoculated monkey 
N P E3 non paralytic poliomyelitis m moculated monkey 


method was supenor to the mtranasal although it was evident that nasal instillation 
of untreated stool can give nse to poliomyelitis infection We, therefore combmed 
the two methods with the modification that while a single mtrapentonealmoculum 
did not exceed 20 cc., each monkey was to receive at least an additional 20 cc mtra 
pentoneally 24 to 48 hours after the first mjection whenever enough matenal was 
available * \ portion of the untreated stool (when the specimen was large enough) 

® Smee submittmg this paper for pubhcation we have obtamed convmcmg evidence 
that in cynontolgus monkeys the upper as well as lower parts of the alimentary canal 
can serve as portals of entry for the virus Because after nasal mstiUatioa of un 
treated stools or other contaminated specimens most of the material becomes dis 
tnbuted throughout the alimentary tract we now prefer to use cynomolgus rather 
t han rhesus monkeys, smee m the latter only the olfactory mucosa seems to function 
as a portal of entry for the virus Using the combmed nasal instillation of the un 
treated portion and mtrapentoneal mjection of the etherized part of the specimen m 
cytiontolgus monkeys three successive enema returns obtamed on the 2nd 4th, and 
6th days of paralysis from a 35 year old patient yielded the virus 
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or the resuspended centrifuged sediment (after removal of the supernatant hqmd for 
etherization) was given mtranasally — 1 cc in each nostril dady for 10 days or less if 
there i\as not enough matenal, most monkeys received between 10 and 20 cc m this 
manner In a number of monkeys, following the procedure of Howe and Bodian (6), 
the nasal passages were gently rubbed with a pipe cleaner immediately after the 
instillation of stool, but one cannot be certam that this mcreased the inadence of 
infection by way of the nose Table H gives a summary of the methods and matenals 
used, and the results obtamed The olfactory bulbs and often also the anterior 
perforated substance ivere esammed in all monkeys and lesions were regularly absent 


TABLE n 

Isolation of Poliomielitis Virus by Various Methods from Different Types of Lower Intestinal 

Contents 


Method of testiss for virus 

Type of lower mtestiaal contents 

Stool 

1 

Enema returns ' 

BescendiDg colon con 
tents from fatal cases 

One 1 p 

— 

0/2 

2/2 

Two 1 p 

1/4* 

1/1 

— 

One 1 p -p i nas (no pc) 

2/5 [0, ?lf 

— 

— 

Twoip -Pinas (nope) 

0/1 

1/3 [0] 

— 

One 1 p -p 1 nas (pc) 

— 

-r 

1/1 [+] 

Two 1 p -p i nas (pc) 

1/3 [?] 

3/4 [0, 0, -P] 

4/4 [-P, -P, -P, 0] 

Total 

4/13 (31 per cent) 

5/10 (50 per cent) 

7/7 (100 per cent) 


1 p = mtrapentoneal, unas = intranasal, p c = pipe cleaner used after nasal mstilla- 
tion of specimen 

*1/4 = virus isolated from one of four specimens 

t [0, ?] = data m brackets refer to result of eaammation of olfactory bulbs of monkeys 
succumbmg n ith paralysis, m this mstance, it means that no lesions were found m the bulbs 
of one monkey and that m the other they were either not exammed or that the sections were 
unsatisfactory 

[0i 0, +1 = olfactory bulb lesions absent in 2 monkeys and present m one 

when pohomyehtis developed follow mg only mtrapentoneal moculation, the presence 
of lesions m these sites m some of the monkeys receivmg the combmed intranasal and 
mtrapentoneal inoculations mdicates that m some of the animals the virus mvaded 
the nervous system from the nose by the oKactory pathway However, the fact 
that m other paralyzed monkeys which received the combmed moculations, no 
lesions were present m the olfactory bulbs suggests that in these monkeys infection 
resulted from the matenal mjected m the pentoneal cavity, and supports the con- 
clusion drawn from the comparative test (Table I) that it is madvisable to rely on the 
mtranasal method as the sole means of detectmg virus 

Sali~a and Oral Secretions — Patients, 9 years of age and older, supphed specimens 
by expectoratmg mto bottles or Petn dishes over a penod of 3 days Durmg this 
time the secretions w ere transferred at vanous mtervals to a sterde rubber-stoppered 
contamer which was kept m the refngerator The total amount collected from 
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different patients varied between 6 cc. and 75 cc. and m most instances was 20 cc or 
more A portion of the saliva and oral secretions, mcluding the centrifuged sediment, 
was untreated and mstilled intranasally into a monkey while the remamder was 
etherized and prepared in the same manner as the nasal secretions, and moculated 
mtracerebrally and mtrapentoneally into the same animal 

Unnc — Unne was obtamed by catheterization from 12 patients 6 of whom had 
paralysis of the bladder In only 7 instances however, was it possible to inject the 
untreated urme into monkeys, m 2 of these 200 cc. was injected mtrapentoneally in 
4 divided doses (50 cc. in the morning, and 50 cc m the late afternoon) over a penod 
of 2 days m 2 others 120 cc. to 150 cc. was given, and m the remaining 3 cases, 80 to 
100 cc. was administered m the same manner in 4 divided doses Because they con 
tamed too many bactena, each of the other specimens was divided mto two portions, 
one of which was filtered through a Berkfeld “V filter and the other etherized 
100 cc, of each of 3 such specimens were mjected mtrapentoneally mto monkeys 
In only 2 instances were smaller amounts (35 cc. and SO cc. respectively) moculated. 

Animals Obser'atwns and CrUeria for Diagnosis of Experimental PoUomyeUtxs — 
EJiesus monkeys were used and the entena for positive isolation of pohomyehtis virus 
were desenbed m the previous communication (1) 

RESULTS 

The nasal secrettons obtained from 22 paralyzed patients durmg the first 2 
weeks of the disease did not yield the vims in a single instance, while m 9 of 
the same 22 patients the stools or enema reiurnSt collected as previously de- 
saibed, contamed readily demonstrable pohomyehtis virus The nasal secre- 
tions of three 5 to 6 year old children with non paralytic pohomyehtis were 
studied m the same manner with negative results, but tests for vmis m the 
stools of two of these patients were also negative No virus was found m the 
saliva and oral secretions of 20 patients, but m only 10 of them were tests made 
on the lower mtestmal contents, and three of these yielded the vims Tests 
for vims in large amounts of urme from 12 paralyzed patients were also all 
negative, but no simultaneous studies were made on the stools of these patients 

Table III contains the data on the tests for virus m the seaetions of the 10 
paralyzed patients whose lower mtestmal contents contamed the vims The 
results do not support the hypothesis that the vims m the stools has its ongm 
m swallowed nasal secretions and saliva, but are m agreement with our find 
mgs on the distribution of virus m fatal cases of human pohomyehtis m which 
vims was demonstrated m the walls of the pharynx and mtestmes but not m 
the nasal mucosa or salivary glands (1) It is not improbable, therefore, that 
m the valid reports of isolation of vims from nasopharyngeal washmgs, the 
virus may have origmated from the pharyngeal wall rather than from the nose 

The madence of 9 positive isolations of vims from the stools of 23 paralytic 
patients (Table IV) is higher than that (4 out of 38) reported for paralytic 
cases by Trask, Paul, and Vignec (3) but less than that (10 out of 14) obtamed 
by Howe and Bodian (6) The former mvestigators (3) were impressed with 
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stools while m the second group only 12 per cent of 60 Statistical analysis 
shows this to be a most significant difference with a Chi square value of 20 44 
and P less than 0 001 One possible explanation of this difference may be 
that multiplication of the virus is generally more extensive in the younger 
children It is of interest in this respect that m contrast to the relative rarity 
of positive virus isolations from the stools of individuals over 8 years of age, 
the virus was present in the contents of the descendmg colon m each of 5 fatal 
cases m this age group (Table VI) This is a statistically significant difference, 
and one is naturally led to wonder whether proliferation of the virus is generally 
more extensive in patients with a fatal termination regardless of age It is to 
be recalled, however, that explanations based on unproved assumptions are 
often wrong, and further investigation of the meaning of these significant 
differences is indicated 

TABLE VI 


Occurrence of Poltomydtits Virus tn Stools during Life and in Colon Contents Postmortem 
among Paraiyitc Patunts over 8 Years of Age 


M«tcrul 

No of paueau 

No positive 

Stool or enema returns of living paralytic patients 

12 

2 (16 7 per cent) 

Contents of descending colon postmortem 

5 

5 (100 per cent) 


with Yates adjustment for small numbers 6 97 

P 13 between 0 01 and 0 001 


DISCUSSION 

In a search for the avenues of elimination of mfective virus durmg the first 
2 weeks of paralytic human poliomyelitis, it was found that while the virus 
could be demonstrated with considerable regularity m the stools (notably in 
children under 8 years of age), it was not obtamed m a smgle instance from the 
nasal (not nasopharyngeal) secretions or oral secretions and sahva collected 
over a period of 3 days or from large amounts of urme In the light of these 
findmgs, the hypothesis that virus is present m the stools because it has been 
swallowed with nasal or other upper respiratory secretions, becomes untenable, 
and m view of the demonstration that it is present in the walls of the alimentary 
tract (1) its origm from these sites is much more probable It may be sug 
gested, however, that the negative results obtamed with the nasal secretions 
may be due to the presence of an mactivatmg substance and need not neces 
sarily mdjcate the absence of virus If there is such a substance m patients 
with pohomyehtis it might also be suggested that it should either have been 
effective in preventmg local multiphcation m the nasal mucosa, or if it arises 
m response to infection (and there is no evidence for that assumption) (8) 
that Its presence would thus militate against the spread of tnfechie virus by 
means of the nasal secretions However, our studies on the pattern of virus 
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the fact that with one exception their positive stools were from children 6 
years of age or younger Evamination of our own data revealed that while 7 
of 11 (64 per cent) fecal specimens were positive in the age group of 5 years and 
under, only 2 of 12 (17 per cent) were positive m the older patients (one was 
13 and the other 22 years old) How ever, when our data were analyzed statisti- 


TABLE IV 

Excretion oj Virus during the First 2 of Human Paralytic Poliomyelitis 


Material tested 

No of 
speci 
mens 

No positive 

1 R6le of age of patient— No positive 


(pa 

tients) 


5 yrs and under 

OverS yrs 

Stool or enema returns 

23 

9 (39 per cent) 

7/11* (64 per cent) 

2/12* (17 per cent) 

Nasal secretions 3 da> s 
Oral secretions (sah\ a) 

22 

0 

0/11 

0/11 

3 daj s 

Unne (35-200 cc ) 

20 

12 

0 

0 


0/20 


* with Yates adjustment for small numbers = 3 29 
P IS between 0 10 and 0 05 


TABLE V 

Relation between Age of Patient and Incidence of Positive Isolations of Poliomyelitis Virus 

from Stools 


Source of data 

Virus isolated from stools of patients 

under 3 >ears 

1 8 years and over 

Kramer, Hoskwith, and Grossman (5) 

2/4 (50 per cent) 

1/5 (20 per cent) 

Kramer, Gilliam, and Molner (4) (con- 



tacts — no clinical “poho”) 

5/11 (45 per cent) 

1/8 (12 per cent) 

Howe and Bodian (6) 

8/11 (73 per cent) 

2/3 (67 per cent) 

Trask, Paul, and Vlgnec (3) 

7/21 (33 per cent) 

1/32 (3 per cent) 

Sabm and \\ ard 

7/11 (64 per cent) 

2/12 (17 per cent) 

Total 

29/58* (50 per cent) 

7/60* (12 per cent) 


* sr = 20 44, P < 0 001 


call\4 It was found that Chi square with the Yates adjustment for small num- 
bers was only 3 29 w ith a value for P between 0 10 and 0 05, and, therefore, 
statistically not significant But when we combmed them with the data which, 
m our opmion, could be justifiably selected from the literature, a marked differ- 
ence m the mcidence of positive stools was evident when the patients were 
divided into 2 groups — one under 8 years and the other 8 years and older 
(Table V) In the first group 50 per cent of 58 mdmduals yielded positive 

’ W e are indebted to Mrs Estelle W Brown for the statistical analysis of our data 
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were combined with those which could justifiably be selected from the htera 
lure, the total figures indicating that virus has been isolated from 50 per cent 
of 58 children under 8 years of age and from 12 per cent of 60 older individuals 
5 No support was found for the hypothesis that poliomyelitis virus m the 
stools originates from swallowed nasal secretions and saliva or oral secretions 
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distribution in the human body (1) suggest that the vnus neither multiphed 
m nor mvaded the nervous system by way of the nose, because, while it was 
readily demonstrated m the pharyngeal and mtestmal tissues, it was present 
neither in the nasal mucosa nor in the olfactory bulbs of the cases that were 
studied 

For practical purposes, therefore, it would appear that in human paralytic 
pohomyehtis the secretions, as they are expelled from the nose or expectorated 
from the mouth, are probably, as a rule, free from infective vhus However, 
smce the virus has been demonstrated m the pharyngeal tissue postmortem 
as well as m a certain number of washmgs obtamed by techmques which m- 
volved lavage of the pharyngeal wall, it is necessary to determme whether virus 
that may be present m the pharynx would under natural conditions be swept 
mto the esophagus or might also find its way into the oral secretions and be ex- 
pelled w’lth them Smce we have recently observed (unpublished data) that 
m cynomolgtis monkeys which had developed pohomyehtis after oral feedmg 
of the virus, one can find virus in appreciable amounts m the buccal mucosa 
and tongue as weU as in the pharyngeal wall and washings of the oro-pharyn- 
geal cavity, it would be well to await similar tests on human bemgs postmortem 
as well as further studies on oral washings particularly during the first days of 
the disease m young children, before attempting to form any concept concern- 
mg the role of the mouth as a site of exit of virus Although our tests with 
large amounts of urme were all negative and while the pattern of virus dis- 
tribution m the human body indicates that there is not sufficient centrifugal 
progression of virus to permit its mvasion of the urinary bladder, it, never- 
theless, seems advisable to await actual tests with bladder tissue and further 
studies on children under 8 years of age before reaching a final decision about 
the non-infectiousness of urme 

SUMMARY AND CONCLUSIONS 

Studies on the ehmination of virus m human paralytic pohomyehtis during 
the first 2 w eeks of the disease, revealed the followmg — 

1 The nasal (not nasopharyngeal) secretions collected from 22 patients on 
cotton plugs over a period of 3 days and the sahva and oral secretions ex- 
pectorated durmg a similar period by 20 patients failed to yield vnus 

2 In 10 of the patients whose secretions (nasal, oral, or both) were m- 
vestigated, virus was isolated from single specimens of the lower mtestmal 
contents 

3 No \ irus w as found m large amounts of urme (up to 200 cc ) obtamed from 
12 patients, 6 of whom had paralysis of the bladder 

4 In the present tests virus was found 4 times more often m the stools of 
patients under 8 years of age (64 per cent of 11 cases) than m older mdividuals 
(17 per cent of 12 cases) This difference was found to obtain when our data 
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were combined with those which could justifiably be selected from the Utera 
ture, the total figures mdicatmg that virus has been isolated from SO per cent 
of 58 children under 8 years of age and from 12 per cent of 60 older mdividuals 
5 No support was found for the hypothesis that pohomyelitis virus m the 
stools originates from swallowed nasal seeretions and saliva or oral secretions 
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THE INACnVATING EFFECT OF StJLFAPYRIDINE ON THE 
LEUKOTOXIC ACTION OF BENZENE* 
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In an attempt to study im mvo the idle of leukocytes m the curative action 
of sulfonamide drugs for infections, leukopenia was produced m rabbits by the 
administration of benzene Durmg the period of mtoncation the leukopenic 
ammak were infected with pneumococci and treated with sulfapyndme Nu- 
merous difficulties arose which rendered the experiments mdeterminate, and 
in the course of explormg the difficulties it became apparent that sulfapyndme 
exerted an inhibitory eflfect on the toxicily of benzene for the leukopoietic sys 
tern of rabbits The data ansmg from an investigation of the relationslup 
between sulfapyndme and benzene comprise the basis for the present report 

Methods and Makrtals 

The expenmenUl procedure consisted pnmanly of detenmnmg by daily estima 
tions the number of leukocytes m the arculating blood of rabbits receiving sulfa 
pyndme simultaneously with mjections of benzene and also m other rabbits receivmg 
benzene alone. The observations have been extended to mclude additional sets of 
animals, some of which received sulfapyndme alone others received p ammobenzoic 
aad together with benzene and still others consisted of a normal untreated group 

For comparative purposes, therefore, five groups of rabbits were employed, as 
follows 

C7ro«^ I Twenty six rabbits received benzene alone In each experiment two or 
more animals of this group were mcluded 

Croup 2 Twelve rabbits received both sulfapyndme and benzene 

Group 3 Seven rabbits received sulfapyndme alone 

Group 4 Six rabbits received P ammobenzoic acid together with mjections of 
benzene 

Group 5 Eleven normal imtreated rabbits were also followed 

In addition to observations on the quantitative behavior of the leukopoietic system 
during the periods of the several treatments, determmalions of the urmary excretion 
of phenols have been made in a limited number of experimental animals It has 
long been known that m the animal body benzene is oxidized to form phenols (1) 
Rracke (2, 3) has made observations on the oxidation of benzene m rabbits and he 

* This study was supported by a grant donated by Mr Bernard Baruch 
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advanced the theory that one or more of the phenohc ovidation products may be 
responsible for the leuLotovic action rather than the unchanged benzene itself In 
the preliminary studies, included in the present report, of a possible chemical explana- 
tion of the effect of sulfapyndme on the toxicity of benzene, the excretion of phenols 
m the unne has been used as an index of the extent of oxidation of benzene to phenohc 
products 

Adult rabbits i\eighing about 2 5 kilos were uniformly employed Leukocyte 
counts were made each day at the same hour in order that the uncontrolled vanables 
of the white blood cells m the penpheral blood would be reduced to a mmunum 
Differential counts of stained smears were also made in a limited number of the rabbits 
The blood used in making the determmations was derived from the marginal ear vems 
Injtclions of Benzene — ^The onginal procedure of Sellmg (4) for the dosage and route 
of injection of benzene was employed A daily dose of 5 0 cc of a mixture of equal 
parts of benzene and ohve od (approximately 1 0 cc of benzene per kilo of body 
weight) was injected subcutaneously beneath the skm of the abdomen A new site 
was selected for each injection in order to avoid introducmg the mixture mto an area 
of edema or mflammation resultmg from a pnor injection of benzene 

Adminislralion of Sulfapyndtne, per Os — Sodium sulfapyndme monohydrate m 
5 per cent solution was admmistered by stomach tube in two equal doses of 1 25 gm 
at 9 a m and 5pm each day, thus givmg a total daily dose of approximately 1 0 gm 
per kilo The benzene was mjected at noon, and consequently animals which re- 
ceived both substances were given their first dose of benzene 3 hours after the initial 
dose of sulfapyndme Although at the beginnmg the stomach tube was madvertently 
mtroduced into the trachea, after bnef expenence the procedure proved sunple and 
the animals evidenced no immediate untoward reaction No vomitmg occurred 
The sodium salt was used in order to facihtate the admmistration of the drug and to 
insure maximum adsorption 

■Idmintslralion of p-4.minobenzoic Acid, per Os — />-Aminobenzoic acid was given 
by stomach tube as a 5 per cent solution of the sodium salt Two different dosages 
were used 0 5 gm twice daily and 1 0 gm twice daily 

Determination of Urinary Phenols — The determmations of urmary phenols were 
done by the method of Tohn and Denis (5) using the modified phenol reagent of 
Fohn and Ciocalteu (6, 7) Briefly desenbed, the method consisted of a colonmetnc 
comparison of a filtrate of the unne with a standard solution of phenol after each had 
been treated with a phosphomolybdic-phosphotungstic reagent Interfering sub- 
stances (unc acid, protein) were first removed from the urine by the precipitation with 
silver lactate and a colloidal iron solution, and the excess silver was precipitated with 
chlonde The concentration of “free” phenols was obtained from a direct determina- 
tion on the filtrate, and the concentration of total phenols was found by a similar 
determination earned out after hydrolysis of the filtrate with hydrochlonc acid The 
difference between total phenols and “free” phenols represented the conjugated phenol 
fraction 

EXPEBUrENTAL 

Group 1 Effects of Benzene Alone — Sellmg (4) made the observation that, 
followmg the daily mjection of 2 0 cc per kilo of the benzene-ohve oil mLxture, 
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the number of circulatmg leukocytes was sharply reduced after a few days, 
and that the decrease contmued progressively until, after contmued mjections, 
the animals died with an extreme degree of leukopenia If the count reached 
40 to 720 cells per c mm , the animals usually died despite the suspension of 
mjections of benzene Study of the bone marrow revealed that this was the 
primary seat of the damage rather than the destruction of mature leukocytes 
m the circulating blood There was some evidence of destruction in the 
marrow after 2 days and practically complete aplasia was found after about the 
ninth mjection The leukopemc effect resulting from mtoxication by benzene 
has been uniformly expenenced by many mvestigators, notably by Klme and 
Wmtemitz (8), Weiskotten and his coworkers (9), Camp and Baumgartner 
(10), Rich and McKee (11), and others 
In the present studies normal rabbits, reccivmg mjections of benzene, have 
served as controls m each group of experimental animals The uniformity of 
the leukopemc effect is attested by the results obtained with 26 rabbits These 
rabbits received a daily mjection of 5 0 cc of the mixture of equal parts of ben 
zene and oUve oU, and white blood cell counts were made daily A composite 
curve derived by averagmg the counts obtained m all 26 rabbits is presented m 
Chart 1 The results indicate the rate of development and seventy of the 
leukopenia. The curve shows an mitial rise after the first injection which is 
in turn followed by a rapid fall dunng the succeeding 6 days More specifically, 
the mitial pretreatment average of 8900 rose to 10,200 after 1 day and then fell 
to 6700 after 2 days, 4700 after 3 days, 3800 after 4 days, 2100 after 5 days, 
1500 after 6 days and 880 after 7 days When the daily mjections were con 
tinned, death regularly ensued m 12 days or less (average approximately 8 days) 
and the leukocyte count usually fell below 100 
Although there was some variation m the rapidity with which the leukopenia 
developed m the mdmdual rabbits, the composite curve gives a reliable picture 
of the usual trend of the leukocyte count The count reached a level of 1000 
cells per c mm or below m from 3 to 9 days m all but one of the animals, and 
this smgle exception died on the 5th day with a count of 2200 
Croup 2 Effects of Benzene and SuJJapyruJtne — ^Twelve animals were m 
jected with benzene according to the regular daily schedule and m addition 
received sulfapyndine, by oral administration, comcidentally with the benzene 
ITiey were mamtamed on this regime for periods varying from 6 to 19 day^ 
The detailed findmgs of the individual animals in this group are presented in 
Table I, the average of results is given m Chart 1 The composite curve of 
the average of the leukocyte counts of the twelve rabbits (Chart 1) when con 
trasted with that of the rabbits who received benzene alone reveals the spanng 
effect of the sulfapyndme on the benzene mtoxication The curve of the 
group receivmg the combmed treatment exhibited no sustamed downward 
trend There were, however, daily fluctuations which were greater than those 
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seen m normal, untreated rabbits (compare with curve of 11 normal rabbits, 
Chart 1) A comparison of the imtial, pretreatment count with the average 
counts of the final 3 days of treatment (days 9 to 11 m the chart) reveals that 
the difference is shght It will be observed that there is a defimte increase m 
the average counts on the first 3 days after the begimung of treatment, and 
that the lowest pomt on the curve, reached on the 8th day, is at 8800 which is 
only 1500 below the imtial count 

TABLE I 

Daily Dcierminalton of the Number of Leukocytes in the Blood of Rabbits Receiving Sulfapyndine 

a}td Benzene StmuUnneonsly 


Days after begtnmng of treatment 
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Died on day 5 


The detailed data, recorded in Table I, give the daily counts of these rabbits 
for the first 12 days Only 6 of the 123 counts recorded fall below 5000 cells 
per c mm The lowest leukocyte count m any of the animals was 3000 (rabbit 
5-04) occurrmg on the day of death, which was 8 days after the beginning 
of benzene and sulfapyndine administration One other animal of this group 
(rabbit 4-32) died with a moderate leukopenia, 3600 cells per c mm , after 11 
days The count of 5400 occumng in rabbit 4-50 at the time of death on the 
Sth day was the same as the mitial count of 5500 
Differential leukocyte counts were made at 3 to 4 day intervals on seven of 
the animals of this group In general, the variations observed were not greater 
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than those that occur in normal animals The percentage of polymorphonuclear 
leukocytes mcreased moderately m three of the animals, decreased m two, and 
remamed essenUaUy unchanged m two Immature ceUs of the granulocytic 
senes, other than metamyelocytes, were not found on the smears 

Concerning the mactivatmg effect of sulfap 3 T:idme on the leukotoxic action 
of benzene, it is mterestmg to note that other toxic manifestations of benzene 
poisorung did not appear to be entirely elimmated Anorexia, loss of weight, 
extreme weakness, and diarrhea occurred in varymg degrees of seventy m 
many animals of the control group and also members of the sulfapyndme and 
benzene group which mamtamed normal counts Even death occurred m 
four of the animals receiving benzene and sulfapyndme (rabbits 4-32, 4-50, 
5-03, 2-07) although the leukocyte count was normal in two and the leukopema 
was not unusually severe in the other two Hov-ever, since only four of the 
animals of this group died while under observation whereas all of the animals 
receiving continued injections of benzene alone died withm 12 days, it appears 
likely that sulfapyndme served as an antidote for the general mtoxication but 
to a considerably less degree than for the leukotoxic effect of benzene 

Attempts were made to determine how long the begmmng of sulfapyndme 
therapy might be delayed after starting benzene injections and still obtam the 
antileukopenic effect In four animals sulfapyndme was first given only 
after the leukocyte count had been reduced to about 3000 cells per c mm Li 
three of the rabbits definite inhibition of the continued development of leuko- 
pema was mdicated by the fact that subsequent counts either failed to decrease 
progressively or actually mcreased In two animals which were started on 
sulfapyndme when the count had reached 1000 per c mm , the leukopema 
followed an unmodified course and death occurred on tlie 2nd day after be- 
ginnmg sulfap 3 Tidme Although these experiments are not sufficiently com 
plete to justify final conclusions they suggest that the effectiveness of 
sulfapyndme in counteracting the toxicity of benzene is detennmed by the 
extent of the damage produced by the benzene pnor to the beginning of sulfa 
pyridme therapy 

Group 3 Ejects of Suijapyridxne Alone — In a third group of animals sulfa 
pyndine was given without benzene Seven rabbits received 1 25 gm per os 
twice daily for periods of 11 to 25 days to determme the effect of the drug on 
the number of circulatmg leukocytes Interest was directed toward the pos 
sibility that sulfapyndme might effect stimulation of the marrow as reflected 
by leukocytosis which might m itself antagonize the action of benzene That 
such a possibility warrants consideration is mdicated by the studies of 
Weiskotten and Steensland (12) who reported the failure of benzene to produce 
leukopema m four rabbits suflfering from spontaneous acute infections The 
mvestigators observed that three of the four rabbits developed leukocytosis 
and m all of them the percentage of polymorphonuclear leukocytes increased 
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under benzene treatment The failure of benzene to produce leukopenia under 
these conditions suggested to the authors that the marrow of rabbits, under 
the stimulatmg leukopoietic effect of infection, is able to withstand the toxicity 
of benzene or is more resistant to its action 
A curve of the average leukocjde count of the seven animals receivmg sulfa- 
pyridme alone is mcluded m Chart 1 As m the case of the animals receivmg 
sulfapjTidme and benzene, the daily fluctuations of the count m this group 
of animals were greater than those observed m normal animals However, 
in the composite average plotted m the chart the counts of a smgle animal were 
responsible for a large part of the wide variations This animal is the only one 
of the seven m which the response of the leukocyte count gave evidence of a 
stimulatmg effect, and even in this instance, the count fluctuated irregularly 
between 12,000 and 31,600 The leukocyte count of the remaming six animals 
tended to show a downward trend which was most strikmg m one animal m 
which a count of 3800 was reached after 9 days and m another m which the 
count was 2600 after 16 days Differential leukocyte counts in this group of 
rabbits revealed no mcrease m the percentage of granulocytes durmg the 
period of administration of sulfapyndme 
Because of the relatively wide fluctuations observed m the group of rabbits 
receunng sulfapyndme alone, as well as m those receivmg sulfapyndme plus 
benzene, it seems not unlikely that sulfapyndme exerts an effect on the leuko- 
poietic system The nature of the reaction has not been studied However, 
the findmgs do not warrant the explanation of the antileukopemc action of 
sulfapyndme as bemg referable to an overcompensatmg leukocytosis 
Group 4 Effects of Benzene and p-Aminobenzoic Acid — It has been demon- 
strated by Woods (13) that /'-ammobenzoic acid inhibits the bacteriostatic 
effect tn- vitro of sulfanilamide Selbie (14) found that it also nullified the 
action of sulfanilamide m experimental streptococcal infections m mice, and 
our results (15) mdicated a similar inhibitory effect on the action of sulfa- 
pyndme m experimental pneumococcal infections of mice Woods (13) ad- 
vanced the theory that ^-ammobenzoic acid is essential for the growth of the 
organism and that the sulfonamide drugs mterfere with its utilization by 
vntue of their structural relationship to /i-ammobenzoic acid 
In view of the sumlaritj m chemical structure between /i-ammobenzoic acid 
and sulfapyndme and the antagonistic relationship between the two drugs m 
the bacterial studies, slx animals were given p-aminohenzoic acid comcidentally 
w ith benzene as an additional control on the relative specificity of sulfapyndme 
Three of them received 1 0 gm twice daily and three 0 5 gm twice daily Mol 
for mol, the 1 0 gm dose w as larger than the dose of sulfapyndme used and the 
0 5 gm. dose was smaller The fall m the leukocyte count of the six rabbits 
was m no wa}’’ different from that observed m rabbits receivmg benzene alone 
The curve of the average counts given m Chart 1 reveals how closely the re- 
sponse of this group paralleled that of the group receivmg benzene alone 



UACLYK McCARTV AND ^VILLIAil S TILLETT 


537 


An attempt was made to determine whetlier p aminobenzoic acid, m ac 
cordance with its inhibitory effect on the antibacterial action of sulfapyndme, 
would influence the effect of sulfapyndme on the response of the leukocytes 
to tlie injection of benzene Tor this purpose three rabbits received sulfa 
pyridine plus p-aminobenzoic acid plus benzene The expenment failed of 
conclusive results, because all three animals which received the three substances 
simultaneously became ill very rapidly and died withm 3 to 5 days The ob« 
servations of James (16) on the depletion of acetate precursors as a cause of 
toxiaty from sulfanilamide and sulfapyndme may be pertment to the acute 
toxiaty displayed by these animals 

Group 5 Normal Rabbits — Although there are many reports m the literature 
on the course of the leukocyte counts of normal rabbits, daily estimations of 
the white blood cells were made on eleven normal rabbits as an additional control 
m the present study Wflien these rabbits are considered as a group and at 
tention is directed to the average of the leukocyte counts of the 11 animals 
(Chart 1), it will be observed that the daily variations are small The range 
between the highest and lowest average counts is less than 1000 cells, and 
therefore the average counts durmg the penod of observation did not show 
venations of more than 9 per cent 

Chart i — In Chart 1 all of the results which have been separately desenbed 
are consolidated The salient features are as follows 

1 The rapid, progressive fall of the leukocyte count m the group receivmg 
benzene alone and the group receiving benzene plus p aminobenzoic acid 

2 The absence of a significant fall m the curve of the average leukocyte 
count of the group receivmg benzene plus sulfapyndme 

3 The lack of evidence of sustamed leukocytosis in the curve of the animals 
receivmg sulfapyndme alone 

4 The wide daily fluctuations m the average leukocyte count of the group 
receivmg sulfapyndme plus benzene as well as the group receivmg sulfa 
pyndme alone when compared with those of a group of normal rabbits 

Chart 2 — In Chart 2 are recorded the leukocyte counts of one animal of the 
benzene group and one animal of the sulfapyndme plus benzene group which 
were sacrificed for pathological examination on the day of the eighth mjection 
rhe chart makes evident the rapidly developmg leukopenia of the rabbit on 
benzene alone and the mamtenance of normal counts, rangmg between 11,300 
and 15,700, m the rabbit receivmg benzene plus sulfapyndme Photomicro- 
graphs of the femoral marrow of the two rabbits, along witli the marrow of a 
normal untreated rabbit are presented m Figs lto3 The sections of marrow 
are from corresponding areas, and m each case are representative of the condi 
tion of the marrow m all areas sampled They serve primarily to illustrate 
the influence of sulfapyndme m preventmg the extreme aplasia which con 
sistently results from mjections of benzene m rabbits The marrow of the 
animal which received sulfapyndme concurrently with the benzene shows an 
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*L A A. Benzene alone - ai/eraffe of 26 animala 

O O O Benzene su/fa/oyrtdine - ai/erape of 12 animals 

O O O Benzene ■+ p-aminabenzoic acid - average cf 6 arnmafs 

— A -— Culfapyridina c/one - average of T animals 
X — X- -•#< Normal rabbits - average of 11 animals 

Chart 1 Curves of the composite average of the daily leukocyte counts of aU the 
rabbits m each group 


abundance of hemopoietic tissue Furthermore, some of the megakaryocytes 
have hyperchromic and pyknotic nuclei The latter findin g differs from the 
usual appearance of the marrow often found m untreated rabbits In spite of 
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the wide variations which may exist m normal rabbits, the morphological 
evidence of “imtation” or “stimulation** suggests the special effect mduced 
by sulfapyndine alone or m combmation with some of products of benzene 
A detailed analysis of the reaction of hemopoietic tissue to the chemical reagents 
requures quahtative studies not contamed m the scope of this report How 



Chast 2 Daily leukocyte counts of rabbit 5-01 (benzene and sulfapynduie) and 
rabbit 5-13 (benzene alone) which were sacrificed for pathological examination See 
Figs 1 and 2 

ever, the comparable sections of bone marrow from the experimental animals 
reflect the quantitative results noted in the leukocytes of the circulatmg blood 
Urinary Excreium of Phenols — As stated earlier, benzene mjected mto the 
animal body has been reported to be oxidized m part to phenols, (1) That 
one or more of the phenolic oxidation products may be responsible for the 
leukotoxic effect of the mjected benzene has been suggested, (2, 3) In ac 
cordance with this possibility, the unnaiy phenols were studied in a small 
group of to deterrmne whether the administration of sulfapyndine 

quantitatively influenced the excretion of phenols foUowmg subcutaneous m 
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jections of benzene The animals were kept constantly in metabobsm cages 
which allowed the collection of 24 hour urine specimens, and benzene and 
sulfapyridine were administered as m the precedmg experiments 

In the course of a series of studies on benzene leukopenia, Brewer and 
Weiskotten (17) made estimations of the urmary phenols of two rabbits They 
observed fivefold mcreases m the output of phenols after mjection of a benzene- 
olive oil mixture Our results m three rabbits receivmg benzene alone are 
m accord with their findmgs Normally, the untreated rabbits excreted 90 
to 140 mg of phenols m 24 hours The excretion doubled, however, m the 
24 hour penod after the first mjection of benzene and continued to mcrease 
after subsequent mjections One animal excreted 590 mg of phenols m the 
second 24 hours, and the other two excreted maximum amounts of 575 mg 
and 658 mg on the 4th day 

When sulfapyridme was given to three animals m conjunction with benzene, 
the excretion of urmary phenols differed from that described m the animals 
receivmg benzene alone In each of the three the increase in output of total 
phenols was substantially less than m the rabbits receivmg benzene alone 
Furthermore, m two of this group there was m addition a decided mcrease m 
the percentage of conjugated phenols For example, one animal with an 
excretion of 75 to 136 mg of total phenols in 24 hours under normal conditions, 
showed no increase m the first 2 days after beginning the admmistration of 
benzene and sidfapyndine Furthermore, the 24 hour values for total phenols 
did not exceed 200 mg durmg 5 days of contmued treatment Another animal 
showed no mcreased excretion m the first 24 hours When, however, m the 
second 24 hours the total phenols were doubled, 50 per cent of the total was 
present m the conjugated form 

The record of a smgle animal in which a study of the urmary phenols was 
made durmg penods of the administration of benzene alone, sulfapyridine alone, 
and benzene plus sulfapyridme, serves to illustrate the results obtained Chart 
3 presents m graphic form the data on the excretion of urmary phenols of this 
rabbit 

It will be noted that sulfapyridme alone when given over a 3 day penod 
exerted no appreciable effect on the phenol excretion Daily mjections of 
benzene caused a marked mcrease m the urinary phenols and a maximum of 
575 mg was attamed m the 24 hours foUowmg the fourth mjection In con- 
trast with the results usmg benzene alone, durmg a 3 day period m which 
sulfapyridme was administered comcidentally with benzene, the mcrease m 
total phenols was shght and there was a defimte relative mcrease m the fraction 
of conjugated phenols The delayed nse which occurred on the second day 
after discontmumg treatment may be mterpreted as bemg dependent upon the 
slow absorption of the benzene-oil mixture 
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Although the number of observations on the urinary excretion of phenols 
IS too few to justify detailed conclusions the differences m the phenolic output 
of rabbits receiving sulfapyridine plus benzene as contrasted ^ith the animals 
injected with benzene alone have been constant Concerning the mechanism 
of the effect of sulfapyridine on the phenol excretion, several possibilities 
warrant consideration On the assumption that the limited mcrease m the 
excretion of phenols, when benzene was mjected mto rabbits receiving sulfa- 
pyridme, reflects an actual decrease m the formation of phenols from benzene, 



Chart 3 Urinary excretion of total and conjugated phenols of rabbit 2 12 
during penods of treatment with sulfapyndme alone sulfapyndine plus benzene, and 
benzene alone 


it seems possible that the presence of sulfapyndme m the tissues may influence 
the oxidation of benzene Concemmg the possible effect of sulfapyndme 
through the oxidative processes it may also be noted that benzene may be 
oxidized m the body to end products other than phenols Jaffe (18) has re 
ported that disruption of the benzene nng resultmg in the formation of the 
straight chamed mucomc acid occurs m addition to the oxidation to phenols 
On theoretical grounds, therefore sulfapyndme may favor the processes m- 
volved m the breakdown of the ring and thereby reduce the amount of phenols 
or mcrease the formation of other, as yet undefined end products Further 
study is required to appraise the validity of these possibihties However, smce 
the mtroduction of sulfapyndme is associated with the inhibition of the de- 
velopment of leukopenia and also brings about a reduction m the excretion of 
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free phenols which follows injections of benzene, the findings lend support to 
the possibihty that phenohc substances or other end-products may be re- 
sponsible for the leukotoxic action of benzene 

SUMMARY 

1 In rabbits receivmg subcutaneous mjections of benzene, the simultaneous 
administration of sulfapyridme, per os, prevented the development of leuko- 
penia The spanng effect of sulfapyridme on the mtoxication of the leuko- 
poietic tissue by benzene was demonstrated not only by the range of daily 
leukocyte counts but also by microscopic examination of the bone marrow of 
treated animals 

2 The admmistration of para-ammobenzoic acid failed to inhibit the leuko- 
toxic action of benzene 

3 The admimstration of sulfapyridme alone to rabbits was followed, by 
daily vanation m the number of leukocytes m the circulating blood but per- 
sistent leukocytosis was not observed The inhibitmg action of sulfapyridme 
was not found to be referable to the development of an overcompensatmg 
leukocytosis 

4 In prelimmary experiments, the excretion of phenols by rabbits receivmg 
sulfapyridme together with benzene differed from that observed m animals re- 
ceivmg benzene alone In the former group, the rise m the excretion of total 
phenols was not so high as m the latter group, but the percentage of combmed 
phenols was greater The possible significance of the findmgs has been 
discussed 
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EXPLANATION OF PLATE 24 

We are mdebted to Dr Irving Graef, Department of Pathology, New York Uni- 
versity College of Medicine, for the description of the sections appearing in Figs 1 to 3 
Fig 1 Rabbit 5-01 (combined benzene and sulfapyndme) Sections of the 
femur marrow (sections of nb and vertebra are similar) reveal fatty marrow with 
large islands of hemopoietic tissue, normal types of cells and many young eosinophilic 
leukocytes No “to-ac” or degenerative forms were observed Some megacaryo- 
cytes reveal hj perchromic and pyknotic nuclei but many are quite normal 

Fig 2 Rabbit 5 13 (benzene) Sections of the femur marrow (nb and vertebra 
are identical) reveal complete depletion of hemopoietic cells, congested and dilated 
marrow sinusoids and large fatty lobules The nuclei of the fat cells have disappeared, 
as well as the hemopoietic cells 

Fig 3 Normal Rabbit Sections of the femur marrow (illustrated by the accom- 
panymg photograph) reveal a miiture of fatty tissue, islands of hemopoietic cells and 
marrow smusoids The pattern is fairly uniform, the cells are distributed m moderate 
numbers and exhibit the usual normal types 
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Since the discovery of scarlet fever toxin (Dick and Dick (1), Dochex (2)) there 
have been numerous attempts to isolate the active substance from the culture filtrates 
of scarlatinal strams of hemolytic streptococcus Although the erythrogeme toim 
has been purified to ^ar>mg degrees, there has been httle agreement m the literature 
as to Us chemical nature or regardmg the extent of purification attamed Some of 
the earlier ivorkcrs suggested that the toxin might be a nitrogenous carbohydrate 
(Korschun cl al (3), Stock (4)) Dick and Boor (5) isolated a fraction of reduced 
mtrogen content containing 30, OCX) skin lest doses per mg The most active prepara 
tion of scarlet fever toxin that has been reported was that isolated by Stock (6) His 
purest material contained 11 per cent nitrogen and 10 000,000 skm test doses per mg 
Stock’s purest preparations presumably consist mainly of prolcm but httle has been 
stated regarding their chemical properties On the other hand Barron, Dick, and 
Lyman (7) have recently earned out an cxtcnsi\e chemical study on material contain 
mg only 30 000 s t d ^ per mg , which from electrophoresis data they regard as about 
3a per cent pure The latter authors conclude that scarlet fever toxin is a protein of 
low molecular weight and unusual stabihty Finally, Koerber and Bunnev (8) have 
desenbed a protein free” scarlet fever toxm which they isolated from a casern hy 
drolysate medium Their preparations contain only 0 7 to 1 0 per cent nitrogen and 
about 100 000 s t d per rag For further references to work on the purification of 
scarlet fever toxin the paper by Stock (6) should be consulted 

In view of the contradictory results obtained by other workers, we have 
deemed it important to find some independent method for estiraatmg the 
activity of pure scarlet fever toxin before actually attemptmg to isolate it m 
Its purest form The flocculation reaction appeared to offer possibilities for 
such a method In a quantitative study of the Ramon diphtheria flocculation 
reaction, Pappenheimer and Robinson (9) showed that, withm the equivalence 
zone, the nitrogen precipitated from a given amount of antitoxin varied linearly 
with the toxin added The slope of this straight Ime was shown to represent 

• The expenses of this work have been defray ed by a generous grant from the 
Commonwealth Fund 

^ The abbreviation s t n for skin test doses will be used throughout the rest of this 
paper 
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the nitrogen of pure diphtheria toxin per Lf unit Moreover, the method 
was found independent of the purity of the toxm and antitoxm preparations 
employed Rane and Wyman (10) have described a flocculation reaction 
betw een scarlet fever toxin and antitoxm which they regard as a specific anti- 
gen-antibody reaction because of the close xn vioo-in vitro correlation which 
they obtained usmg a great many preparations of toxm and antitoxm If this 
flocculation reaction is mdeed specific, then it should be possible to estimate 
the nitrogen per flocculatmg umt of pure scarlet fever toxm from a quantitative 
study of Its reaction with antitoxm, providmg that the reaction is analogous 
to the diphtheria system Unfortunately, Evans and Gottschall (11) and 
Bunney and Koerber (12) have failed to obtam satisfactory correlation between 
the flocculation reaction and tn vivo titrations of scarlet fever toxm, and the 
latter workers have expressed some doubt regardmg the specificity of the 
reaction It is hardly necessary to pomt out that before the flocculation 
reaction can be used to estimate the activity of pure scarlet fever toxm, its 
specificity must be established beyond reasonable doubt With these factors 
m mmd we have undertaken a quantitative study of the flocculation reaction 
of Rane and Wyman (10) between scarlet fever toxm and antitoxm 

EXPERIMENTAL 

Cultures — Toxins were prepared using two different scarlatinal strains of hemolytic 
streptococcus Stram NY No 5 has been most commonly used commerciallv for 
the production of scarlet fever toxin It has been shown by Rane and Wyman (13) 
that strain No 594 produces several times as much toxm as NY No 5 Evidence 
that the toxin produced by No 594 is identical with that of NY No 5 has been given 
by Rane and Wyman, and by Plummer and Fraser (14) We are indebted to Dr Leo 
Rane of the Antitoxm and Vaccine Laboratory, Jamaica Plain, hlassachusetts, for 
cultures of the tii o strains 

Preparation of Toxin — 60 hters of culture of stram No 594 and 30 hters of NY 
No 5 were grown m 5 gal pyrex carboys on the casein hydrolysate medium described 
elsewhere (15) After 60 hours growth at 35°C with neutralization and continuous 
stimng the cultures w ere centrifuged and the supemate stenhzed by Seitz filtration 
The a\ erage yield of ery throgemc toxin from No 594 was 9 Lf/cc (ca 300,000 STD 
per cc ), and from NY No 5 was 2 Lf/cc {ca 60,000 std per cc ) 

Concentration and Partial Purification of Toxin — The toxic filtrates from the two 
strains w ere concentrated and purified separately by the same procedure as follows 
The culture filtrate was concentrated in vacuo at 30-35°C to about 1 /7 its onginal 
\olume The active material was then precipitated by addmg 500 gm of ammonium 
sulfate for each hter of concentrate and enough a mm onia to keep the solution between 
pH 6 5 and 7 0 On standmg overmght at room temperature, the toxm formed a 
dark flocculent la>er near the surface A large amount of crystallme sediment also 
appeared The preapitates w ere filtered by suction and dissolved by dialysis against 
nmnmg water -Vfter thorough dialysis the solution remamed turbid and contained 
some preapitate which was removed by filtration through hard paper and discarded 
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The volume at thjs point \ras 2 to 5 per cent that of the original culture filtrate 
Ammonium sulfate was added to four tenths saturation and a small amount of dark 
brown inactive precipitate w’as removed by filtration This filtrate was brought to 

0 75 saturation w ith ammonium sulfate and the toxm precipitated The dark brown 
prcopitatc containing the toxin was separated by filtration through paper and dis 
solved m a small volume of water The solution was dialysed against changes of 
distilled water and finally against Sorenson’s phosphate buffer at pH 6 8 contammg 

1 5000 merthiobte The flocculation reaction was used at each step to follow the 
fractionation of the toain No attempt was made to effect further purification 

Properties of Partially Purified Toxin — From 60 liters of No 594 culture 
filtrate, 400 cc of purified toxm contammg 950 Lf/cc 3 X 10^ s t d /cc , and 
0 895 mg mtrogen per cc were obtamed at this point, representing an overall 
yield of about 70 per cent From 30 liters of NY 5 33 cc of purified toxm 


TABLE r 

Some Pfoptrltes of ParttaUy Punped Scarlet Fever Toxm 



Strain No £94 

StramNYS 

Nitrogen content (per cent) 

Activity (skin test doses per mg ) 

14 0 

12 S 

Rabbit 

8 000 000 

12 000 000 

Human 

8 000 000 

12 000 000 

Mg mtrogen per li unit 

Flocculation time for 38 L£ per cc at 48 C using 

0 00054 

0 00035 

aatitoxm 53 IB (mm ) 

30 

30 

Per cent precipitable* 

M 

66 


* Calculated usmg 0 00023 mg mtrogen per Lf unit of toxm and based on the total mtrogen 
in the toxm 


were obtamed, contammg 800 Lf/cc , 2 X s tjj /cc , and 0 345 mg nitrogen 
per cc , a yield of about 45 per cent Both preparations gave strongly positive 
biuret, Millon and xanthroproteic tests m 0 3 per cent solution Both prepara 
tions contained some matenal which was coagulated by heatmg to 100®C 
Dilutions of the 594 toxm were mjecled intravenously mto a few rabbits 
These must be regarded as only prelimmary experiments but have indicated 
that the M l D for 2 to 3 kilo Chinchilla rabbits is about 50 Lf (1,500,000 s T d ) 
by the intravenous route One rabbit given 95 Lf and 300 imits of antitoxin 
survived Rane and Wyman (13) report 180 Lf lethal for 5 lb ChmchiUa 
rabbits when injected subcutaneously Some properties of the partially pun 
fied toxm after further dialysis are summanzed m Table I 
In agreement with other workers (Kodama (16), Hooker and Follensby (17), 
and Barron et al (7)) we have found the toxm to be relatively resistant to 
the action of the proteolytic en^mes, pepsm, papam and trypsm The floe 
culatmg power of the toxm was not impaired by treatment with these enzymes 
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That these to\in solutions contained other streptococcal proteins was shown 
by a positive ring test when a 1/100 dilution of the concentrated toxm was 
added to an immune rabbit serum prepared agamst a smooth stram of hemolytic 
streptococcus 

liititoxuis - — Antitoxin No 2101 (Squibb Laboratories) was whole horse serum 
Intitoxm No 24739, also obtained from Squibb Laboratories, was a commercial 
preparation of pseudoglobulin Antitoxins No 531A and 531B, obtained from the 
National Drug Company, were from different bleedings from the same horse They 
were solutions of the water-soluble globulm precipitated between 0 3 and 0 5 satura- 
tion with ammonium sulfate Antitoxin No 47E (National Drug Company) was a 
sample of enzyme-digested antitoxic pseudoglobulin Antitoxm No S113A was a 
pseudoglobuhn preparation received from the Antitoxin and Vaccine Laboratory, 
Jamaica Plain, Massachusetts The flocculation times of the various antitoxins varied 
between 25 and 130 mmutes at 48°C with 38 Lf units of toxin (See Table Lll) 

The Flocculation Reaction — The flocculation tests were done m the usual manner 
at 48°C w ith a constant amount of toxin and increasing amounts of antitoxm In 
evaluating flocculation titers or Lf units per cc we have used the arbitrary standard 
set up b> Rane and Wyman (10) In the quantitative studies, the amount of anti- 
toxin in each tube was kept constant at 600 units Increasing amounts of toxin were 
added and the volume m each tube was adjusted to 5 cc with sahne These mixtures 
were set in a water bath at 38°C for 3 hours and overnight in the cold The tubes 
were then centrifuged, the supemates drawn off for test, and the precipitates broken 
up and washed three times with chiUed saline Nitrogen m the precipitates was 
determined by the micro-Kjeldahl method The supemates were tested for excess 
toxin by skin tests in rabbits All tes*s were earned out m dupheate 

Skin Tests — The skin reactivity of toxin solutions and the supemates from the 
flocculation tests was determined by injecting graded dilutions into the skin of white 
or grej Chinchilla rabbits The dilutions were made in saline m such a manner that 
each succtssiv e tube in a series contained half as much toxin as the preceding tube 
The reactions after 24 hours and 40 hours were compared with similar reactions 
produced in the same rabbits by the Standard National Institute of Health toxin ’ 
Three rabbits were used for each series of titrations and the results averaged In the 
Qiscussion of our results we hav'e regarded the skin test values as sigmficant only 
witnin ±50 per cent 

The skin reactivit> of the concentrated and punfied toxin preparations was con- 
firmed exactly b> tests earned out on susceptible human subjects using the Standard 
National Institute of Health toxm for comparison We are greatly indebted to Dr 
George F Leonard of the Biological Laboratones, E R Squibb and Sons, for carrying 
out the human skin tests 


-We are greatlj indebted to Dr W’’ E Bunney of the Squibb Laboratories, New 
Bmniwack, New Jersey, to :Mr M Slee of the National Dmg Company, Swift- 
water, Pennsv Ivania, and to Dr E S Robmson of the Antitoxin and Vaceme Labora- 
torv , Jamaica Plam, Massachusetts, for the antitoxins used in this work 

^ This toxm was supphed by Dr il V \ eldee of the National Institute of Health 
It was labeled 30,000 s t d per cc 
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TABLE n 

Quanhlaint PiouulQiion oj Antifoxtc 53i 


Xncreosmg amounts of scarlet fever toxin added to 600 umts of antitoxm 


I 

n 

ni 

IV 

V 

VI 

VII 

VIII 

Tqxui 

Toun 

NiUosent 
m pre 

1 apiiate 

AntUouQ 

RatiOt 
;A oltroKCo 

Total skia test 

Total sLia test 
dosesS iQ 
sjperQate 

Straw 

added 

□itrogcn 


T altro c& 

1 IV + 11 

doses added 

No 

U 

mi 

mr 






300 

0 069 

0 174 



9 000 000 

S 000 000 

594 

340 

0 078 

0 400 



10 000 000 

2 000 000 

N\5 

350 

0 081 

0 502 


i 

10 500 000 


594 

400 

0 092 

0 61611 



12 000 000 


594 

44011 

0 100 

0 625 



13 000 000 

1,000 000 1 

NY5 

450^ 

0 103 

0 655 



13 500 000 

550 000 ! 

594 

500 

0 115 

0 675 

0 560 

49 ' 

15,000 000 


594 

540 

0 124 

0 6S0 

0 556 

4 5 i 

16 000,000 ' 

ISO 000 

NYS 

600 

0 138 

0 700 

0 562 ! 

4 1 

18 000 000 

150 000 

594 

640 

0 147 ' 

0 /Oa 1 

0 558 

3 8 i 

19 000 000 1 

100 000 : 

NYS 

700 ' 

0 161 ' 

0 719 i 

0 55S 

3 a ' 

21 000 000 


594 

V401t 

0 164 

0 715 



22 000 000 

100 000 

NY5 

soon 

0 184 

0 710 



24,000 000 ; 

3 000 000 

594 

840 

0 193 : 

0 666 1 



25 000 000 


NYS 

900 

0 207 

0 513 ' 



27 000 000 ' 


594 

940 

0 216 

0 162 ' 



28 000 000 * 

15 000 000 

NYS 

1000 

0 230 

0 224 

1 


30 000 000 


594 

600 

0 138 



anti Ea** 



18 000 000 

7 500 ooott 

594 

600 

0 13S 

1 340 

Ea anti Ea 


18 000 000 

5 000 ooott 

594 

— 

— 

1 360 

EaaatiEa 

— 

— 

j none 

1 594 


• The nitrogen preapitated by 500 Lf units of toxin (column HI) subtracted from that 
preapitatcd by 700 Lf and divided by 200 gives 0 000'’2 mg nitrogen per Lf unit of toxin 
The figure us^ m column II however is 0 00023 mg of nitrogen per Lf unit the av erage 
obtained from three titrations including the above 

t All values except the one marked || are the av crages of dupheate determinations 
j Values are calculated only for points of complete precipitation m the eqmvaicnce zone 
§ These values were determmed m the skm of rabbits They represent averages of tests 
on three rabbits 

^ Incomplete flocculation 
•* Ea -■ egg albumm 

tt These two values are undoubtedly low They are mduded because they were de 
tenmned on the same rabbits and show that there is no significant amount of toxin adsorbed 
to the egg albumm anti egg albumin preapitate 


RESXJLTS 

The results of titrations of antitoxin 531 with both NY5 and 594 scarlet 
fe\ er toxins are given in detail ni Table H and plotted in Fig 1 A quantita 
tive diphtheria toxin antitoxin titration is also plotted in Fig 1 for comparison 
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The reaction between scarlatinal toxin and antitoxin resembles the quantitative 
diphtheria toxm-antitoxin reaction in several respects Thus, for example, 
precipitation occurs within a narrow zone only Moreover, the Danysz phe- 
nomenon IS readily demonstrable by flocculation m the mhibition zone of 
antitoxm excess and although not mdicated m Table II, its magnitude is the 
same as with the diphtheria system Thus after 200 Lf of scarlet fever toxin 
were mcubated with 600 units of antitoxin, no flocculation occurred However, 
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Fig 1 Quantitative toxm-antitoxin flocculation reaction Curve A, diphtheria 
system, Pappenheimer and Robmson (9) Curve B, scarlet fever system O = 594 
toxm X = NY5 toxm 

i\hen the mixture was then treated with mcreasmg amounts of toxm, only 200 
units of antitoxm were found by flocculation rather than 400 units expected if 
there were no Danysz phenomenon In spite of these similarities, certain 
important quantitative differences exist between the diphtheria and scarlet 
fever toxm-antitoxm reactions Although the width of the flocculation zone 
IS almost exactly the same for both reactions, the region of nearly complete 
precipitation is more than twice as broad for the diphtheria toxm-antitoxm 
system as for the scarlet fever toxm-antitoxm system This is not only true 
for antitoxm No 531 shown m Fig 1, but holds for all the scarlet fever anti- 
toxins which we have studied In fact antitoxm No 531 was chosen for 
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detailed study because its zone of nearly complete precipitation was the broad 
est of all the scarlet fever antitoxins we have examined 
Several quantitative titrations with various antitoxm preparations are sum 
marizcd m Table m 


TABLE m 

JiesuJU from \QTtous Toxin- intiloxin Tilraltons 


I 

n 

III 

IV 

V 

VI 

VII 

VIII 

Aotoxiii 

No 

Uoiti 
utitojrln 
per cc by 
HoccuU 
Uoa 

Floceula 
uoa luae 
(33 Ll/cc 
atlS C) 

Tosm 

tlnia 

No 

Tcktu ojtroxea 
per Ll 

iluimum 
tpectfically 
precipiUble 
aouiosta 
nitrog^ from 
600 units 
satitoxla 

ToUl 
o>t geo 
spcciS^ly 

prccipiUtM 

Rstlo 

A oitrogeo 

T nitrogen 
at flocculatioo 
point 



min 



mt 

per cent 


2101 

133 

25 

594 

(0 00036)t 

0 581 

1 0 

4 2 

S31A 

315 

35 

594 

0 00022 

0 560 

1 9 

4 1 

S31B 

250 

30 

NY5 

0 00021 

0 552 

2 0 

4 0 

S113A 

940 

130 

594 

-} 

0 612 

3 9 

4 4 

24739 

8S0 

no 

594 

0 00024 

0 484 

2 4 

3 5 

47E 

720 

4<5 

594 

-i 

0 458 

1 9 

3 3 


* Calculated using 0 00023 mg nitrogen per ti unit of toxin 

t The results of this Utration were irregularly high mdicating that the preopitates were 
not washed suSiaently 

X The equivalence zone was too narrow to calculate a value 
DISCUSSION 

In the previous study of the diphtheria flocculation reaction (9) it was 
assumed that throughout the equivalence zone precipitation was essentially 
complete, and that even if the specific toxin antitoxm complex were slightly 
soluble withm the zone, no appreciable dissociation occurred, smce no toxm 
could be detected m the supemate by the sensitive rabbit mtracutaneous test 
This IS not true m the present mstance Even at the flocculation pomt the 
scarlet fever toxm antitoxm complex is somewhat soluble and the soluble 
complex is apparently dissociated to an appreciable extent Smce it is prac 
ticaUy completely dissociated at high dilutions the skm test method may be 
used to determme roughly its solubility Column m of Table IV shows that 
the solubility of the toxm antitoxm complex at the flocculation point remains 
practically constant over a 50 fold range of concentration The solubility 
at ice box temperature corresponds to about 1 Lf per cc (30 000 s t d per cc ) 

It IS well established that antigen antibody reactions are reversible and 
that under certain conditions the antigen antibody complex may dissociate 
Glenny, Pope, and Waddmgton (18) have presented evidence that the diph 
theria toxm antitoxin complex may dissoaate to an appreciable extent upon 
dilution, particularly when antitoxins of low “avidity” are used When dilute 
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solutions of diphtheria toxin are neutralized xn moo, relatively more antitoxm 
of low “avidity” is necessary for complete neutralization than would be pre- 
dicted from in viiro tests carried out usmg more concentrated solutions In 
our opmion the dissociation of the toxm-antitoxm complex upon dilution 
provides a reasonable explanation for the large discrepancy between the xn vitro 
and in vivo neutralization of scarlet fever toxin by antitoxm noted by Rane and 
Wjunan (10) Rane and Wyman found 60,000 s T d neutralized per unit of 
antitoxm m the flocculation test rather than the expected xn vivo neutralization 
of only 50 s T D In the latter case toxm and antitoxm are present m faurly 
high dilution If the dissociation constants are large, it follows from the 


TABLE IV 

Skin Tests on Superiiates from Floccules at the Flocculation Point 


I 

n 

III 

IV 

Toxin and antitoxin 
concentration at 
docculation point 

Skm test doses per cc 
of muturc 

Skm test doses* found 
in supemate per cc 

Total toxin antitoxm 
complex found in super 
nate at flocculation point 

units per cc 



per cent 

10 

300,000 


10 0 

40 

1,200,000 


3 0 

60 

1,800,000 


1 0 

120 

3,600,000 

40,000 

1 0 

180 

5,400,000 


0 7 

475 

13,000,000 


0 6 


Ml mixtures i\ete set at 38°C for 3 hrs , then at 6°C for 18 hrs 


* These \ alues were determmed m the sLm of rabbits They represent averages of tests on 
three rabbits 

A curious observation was made durmg these tests Although the reactions after 24 hours 
were similar, after 4 days those from the supernates with 180 umts or less per cc had faded, 
but those from the 475 unit supemate persisted with mcreased mtensity There was no 
mcrease m size 

mass law that an excess of antitoxm must be used if neutralization is to be 
complete In the flocculation reaction last traces of toxin need not be neu- 
tralized We have found 30,000 s t d neutralized by one unit of antitoxin 
m the flocculation test but do not regard this difference from 60,000 as par- 
ticularly significant in view of the difficulties of sLm testmg m rabbits 

As we have already pomted out m the mtroduction, before the flocculation 
reaction can be used for predictmg the potency of pure scarlet fever toxm and 
antitoxm, it is necessary to prove that the reaction is a specific one between 
the toxm itself and antitoxm From an exammation of Table II it will be 
noted that withm the region of maximal precipitation {x e 500 to 740 Lf toxin 
with 600 umts of antitoxin) less than 1 per cent of the toxm was found m the 
supernatant b> mtracutaneous rabbit test Outside the equivalence zone, no 
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apparent neutralization occurs when tested by the mtracutaneous method, 
presumably because of dissociation That the precipitation of the toxm is 
not due to non specific absorption by the preapitate is mdicated by the fact 
that even twice as much specific egg albumm anti egg albumm horse antibody 
precipitate formed in the presence of scarlet fever toxin, failed to carry down 
the toxm (Table II) We feel that these demonstrations of the specific pre 
cipitation of scarlet fever toxm by antitoxm m the equivalence zone are con 
elusive evidence that the reaction we are dealmg with is in fact specific 

Evans and Gottschall (11) and Bunney and Koerber (12) have recently 
reported failure to obtam adequate correlation between the flocculation titer 
and the in vivo potency of scarlet fever toxms It seems worth while to discuss 
possible reasons for the discrepancy m view of the conclusion drawn above 
The fact that the present reaction is specific is not proof of its usefulness as a 
general method of assay, and docs not mean that other flocculatmg antibodies 
do not occur m antitoxins made by immunizmg with scarlet fever toxms pro- 
duced on infusion and peptone media Rane and Wyman (10) note that oc- 
casional serums showed double zones with certain toxms, of which only one 
zone appeared to be specific Bunney and Koerber (12) found that concen 
trates of infusion broth or peptone gave flocculation reactions with certam 
scarlet fever antitoxins We have confirmed the observation of Bunney and 
Koerber that flocculation may occur with peptone and antitoxic horse serum 
However, after removal of the non specific antibody by flocculation with 
concentrated peptone solution, the antitoxin still flocculated to titer with 
scarlet fever toxm Bunney and Koerber also reported that they were unable 
to flocculate toxm produced on a casern hydrolysate medium Usmg a par 
ticularly rapidly flocculatmg antitoxm we were able to flocculate some of this 
casern hydrolysate toxm Lmdly sent us by Dr Bunney and Dr Koerber The 
toxm which they sent us contained 200,000 s t d per cc and flocculated slowly 
at 7 Lf per cc 

While the non specific reactions discussed above may account for some of 
the failures to obtam satisfactory m vivo m vitro correlation it seems unlikely 
that i-bis can be the whole explanation of Evans and Gottschall^s results since 
they tested their toxms over a wide range and report only one zone of floccula 
tion There is another possible explanation for the observed discrepancies m 
titratmg scarlet fever toxins Hooker and FoUensby (17) have demonstrated 
that certam scarlet fever strains of streptococcus, mcludmg the NY5 stram, 
may under certam conditions produce two erythrogenic toxins, A and B 
The B toxm is more labile than and immunologically distmct from the ordmary 
Dick toxm The presence of two immunologically dissimilar skm toxins would, 
of course, mterfere with their assay by the flocculation test In our own ex- 
perience, we have encountered no diflSculty m foUowmg the purification of 
toxm from both NY5 and No 594 strains by means of the flocculation reaction 
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Presumably, under our conditions for growmg the organisms, no appreciable 
amount of the Toxm B of Hooker and FoUensby was produced 
The studies of Rane and Wjnnan (13) and Plummer and Fraser (14) have 
suggested that the to^on produced by stram No 594 is identical m its im- 
munological behavior to NY5 toxm The former has not been accepted as 
yet by the Scarlet Fever Committee Table U and Fig 1 show that the No 
594 and NY5 toxms are quantitatively identical m the flocculation reaction 
within the limits of experimental error Because the No 594 stram produces 
several tunes as much toxm as the NY5 stram under similar conditions, the 
former stram should prove useful for toxm production 

Smce sLm tests on the supernatants from the equivalence zone show that 
at least 99 per cent of the toxm-antitoxm complex is precipitated from 600 
umts of antitoxm by 500 to 740 Lf of toxm, it is possible to calculate the nitro- 
gen per Lf unit for pure scarlet fever toxm from the slope of the quantitative 
flocculation curve withm this region From three titrations on two different 
antitoxms, careful nitrogen determmations mdicated that pure scarlet fever 
toxm contams 0 00023 mg nitrogen per Lf umt, a value which we beheve to be 
accurate to withm at least 20 per cent This nitrogen per Lf unit does not 
have the same significance as m the case of diphtheria toxm because there is 
no standard flocculating antitoxm available for comparison It may also be 
calculated from the data m Tables 11 and HI that pure scarlet fever toxm 
contams very close to 1 3 X 10^ skm test doses per mg of nitrogen Sunilar 
calculations mdicate that pure scarlet fever antitoxm contains 0 00093 mg 
nitrogen per unit Smce the concentrated and partially purified No 594 toxm 
contamed 0 00054 mg mtrogen per unit and 5 7 X 10^ s T d per mg mtrogen, 
IV e estimate that the preparation contams about 43 per cent scarlet fever toxm 
assummg that the toxm has the same mtrogen content as protem Similarly, 
the NY5 preparation contains about 66 per cent scarlet fever toxm 
From Table LEI it will be noted that with two exceptions the maximum 
antitoxm nitrogen precipitated by toxm from 600 units of antitoxm varied 
between 0 552 and 0 612 mg The two exceptions are antitoxms No 47E 
and No 24739 Antitoxm No 47E (National Drug Company) had been 
treated with pepsm accordmg to the procedure of Pope (19) and from its low 
precipitable mtrogen it may be assumed that a sphttmg of the molecule has 
occurred analogous to pepsm-treated diphtheria antitoxm (9, 20) Antitoxm 
No 24739 (Squibb Laboratories) was a concentrated pseudoglobulm prepara- 
tion which had not been subjected to the action of pepsm We are unable to 
explam its low specifically precipitable mtrogen content at this time 
Accordmg to the above calculations, most of the preparations of scarlet 
fever toxm which have been reported m the literature were of a very low order 
of purity e feel that detailed chemical studies on such preparations should 
be \newed with some skepticism Thus the recent work of Barron, Dick, and 
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Lyman (7) should be mterpreted with caution, since accordmg to our calcula 
tions, their preparation contained only about 0 2 per cent actual toxin On 
the other hand, it seems likely tliat the preparations of Stock (6) which con 
tamed 10® s x d per mg of nitrogen, were of a very high degree of purity In 
agreement with Stock (6) and Barron, Dick, and Lyman (7) our results suggest 
that scarlet fever toxm is a protem Our preparations, estimated to be about 
45 per cent and 66 per cent pure, contamed 14 per cent and 12 5 per cent nitro- 
gen respectively and gave strongly positive protem tests m dilute solution 
We also feel that the striking qualitative resemblance of the scarlet fever toxin 
antitoxin reaction to other protem antiprotem flocculation reactions, m the 
horse, namely diphtheria toxin antitoxm (9), egg albumm anti-egg albumm 
(21), and hemocyanm antifaemocyanm (22), constitutes strong supportmg 
evidence for the conclusion that scarlet fever toxm is a protem In agreement 
with other workers we have found scarlet fever toxm to be a protem of unusual 
resistance to action of the proteolytic enzymes pepsm, trypsm, and papain 

The ratio of antitoxm mtrogen to toxm nitrogen at the flocculation pomt 
is 4 1 1 for the scarlet fever system (Tables II and HI) This is somewhat 
higher than the correspondmg ratio of 3 6 1 found for the diphtheria toxm 
antitoxm complex, and m our opmion suggests that the nitrogen content of 
scarlet fever toxm is lower than that of diphtheria toxm Both Stock purest 
preparations (6) and our own con tarn onl> 11 to 14 per cent mtrogen It 
therefore appears likely that the composition of the floccules at the flocculation 
pomt IS almost exactly the same for the two systems The molecular composi 
tion at the flocculation pomt for the diphtheria toxm antitoxm and egg al 
bumin anti egg albumm (horse) systems corresponds respectively to TAa 
and EaAj (21) If now we assume that scarlet fever antitoxm has the same 
molecular weight as diphtheria antitoxm (180,000) and that the molecular 
composition of the specific preapitate with toxin is the same for the two sys 
terns, then it may be predicted that the molecular weight of scarlet fever toxm 
will be found to be about the same as that of diphtheria toxm, t e about 70,000 
(20, 23) 

SUMMARY 

1 Highly purified scarlet fever toxm has been prepared from culture filtrates 
of two scarlatinal strains (NY5 and 594B) of hemolytic streptococcus grown 
on a medium of defined composition 

2 The flocculation reaction of Rane and Wyman has been studied quanti 
tatively and has been shown specific for scarlet fever toxm and antitoxm 

3 Scarlet fever toxm from strams NY5 and 594B are quantitatively identical 
m their immunological behavior 

4 Pure scarlet fever toxm contams 0 00023 mg mtrogen per flocculatmg 
unit and close to 1 3 X 10* skm test doses per mg mtrogen as calculated from 
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the immunological data Both the immunological and the analytical data 
suggest that scarlet fever toxin is a protem Similar calculations mdicate 
that scarlet fever antitoxm contams 0 00093 mg nitrogen per unit 

5 The scarlet fever toxm-antito\in complex is readily dissociated m dilute 
solutions In this respect the scarlet fever toxm-antitoxm system contrasts 
sharply with the diphtheria toxm-antitoxm system 

6 The scarlet fever toxin-antitoxm reaction is discussed in relation to other 
flocculation reactions 

Since this paper went to press further evidence for the specificity of the scarlet 
fever toxm antitoxm flocculation reaction has appeared H Proom (7 Path and 
Bad , 1941, 63, 39) has succeeded in recovering scarlet fever toxin in 5 to 10 per cent 
yield from washed toxm-antitoxm floccules by tryptic digestion 
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CAPACITY OF PLEUROPNEUIMONIA LIKE I^IICROORGANISMS TO 
GROW ON CHORIOALLANTOIC MEMBRANES 

By HOMER F SWIFT, BID 

(From the Uospual of The Rockefeller Institute for Medical Research) 
(Received for publication, July 25, 1941) 

In recent >ears, tlie group of microorganisms resembling the etiologic agents 
of pleuropneumonia of cattle and of agalactia of sheep and goats has attracted 
considerable mterest, particularlj because several strains have been recovered 
from such commonly used laboratory animals as mice rats, and guinea pigs and 
from certam non ammal sources (KJieneberger (1)) Sabm (2) demonstrated 
that many laboratory mice carry these microorganisms in or on their con 
junctivae and nasal mucosa as apparently harmless parasites By mstiUmg 
exudates from rheumatic and other patients mto the lungs of normal Swiss 
mice, Brown and I (3) mduced pneumoma m a large proportion of animals, and 
from these pneumonic lungs recovered pleuropneumonia like microorganisms 
belongmg to Sabm T>pes A, B, or C Because of Sabm’s discovery of the 
Wide-spread earner state of mice m respect of these microorganisms, it seemed 
highly probable that the human exudates did not contam them, and several 
observers mcludmg ourselves, have failed to grow them directly from rheumatic 
exudates or tissues (4-7) 

During our mvestigations, dropped chorioallantoic membranes of incubated 
hens’ eggs were employed m searchmg for suspected etiologic agents, and m 
one mstance, pleuropneumonia 13».e microorgamsms, recovered from the lungs 
of intranasallj moculated mice apparently grew m these membranes This 
strain w as later found by Sabm to belong to his Type C About the same time, 
Sulhvan and Dienes (8) reported that they were unable to grow a strain of 
pleuropneumonia like microorganisms on livmg chorioallantoic membranes, 
but they could obtain growths when the embryos were chilled to death at 4“C 
This strain was identified immunologically by Sabm as his Tyjie A Ahnoat 
simultaneously Fmdlay, MacKenzie, MacCallum, and Klieneberger (9) re- 
corded that a stram of pleuropneumonia like microorganisms, then designated 
as Lt, grew well on living chorioallantoic membranes 

These discrepancies in the experience of different experimenters su^ested 
that the ability of the pleuropneumonia like group of microorganisms to gro-v 
on chorioallantoic membranes be tested, and this commumcation is the Ksult 
of such an mvestigation 
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EXPERIMENTAL 

Media and Methods 

Clwrioallantotc Membranes — The chonoallantoic membranes of white Leghorn 
eggs, incubated 10 to 15 days, usually 11 or 12, were dropped with the usual Good- 
pasture technique (10), followmg the dnlhng of a small hole m the shell immediately 
over the embryo The shell membrane was nicked with an mdectomy knife and 
through this hole the inoculum in 0 1 cc volume was introduced by means of a tuber- 
cuhn synnge and a fine hypodermic needle In case the membrane had not dropped, 
the needle i\as plunged about 1 cm mto the egg The holes were sealed with a hot 
stenle vasehne-parawax muxture Part of the eggs were incubated at 37°C without 
other manipulation The rest n ere chilled to kill the embryos In the earlier experi- 
ments the eggs i\ith dropped membranes were placed m the icebox at 5 to 8°C , for 
one-half to one hour, but so manj embryos thnved in spite of this cooling that sub- 
sequently the eggs were chilled by placing them on paper which was resting on COi ice 
in a heavily insulated refngerator When placed directly on CO 2 ice, many of the 
shells cracked Because an occasional embryo survived even this refngeration, the 
chilhng process was finally apphed for 1 hour, half before and half after inoculation, 
with subsequent candhng to check the viabihty of the embryos 

Inoculum — In a few instances, 30 per cent ascitic dextrose broth cultures were 
employed, but the usual inoculum was an ascitic broth suspension of ascitic agar 
cultures, it was prepared as follows From heavy growths on ascitic agar m Petn 
dishes, several stnps embracing a total area of 3 to 5 sq cm were cut out with a stenle 
platinum spud and transferred to a pointed centnfuge tube, the agar was finely 
minced with the spud, then mixed thoroughly with 1 to 1 5 cc of 30 per cent ascitic 
broth \fter standmg a few minutes, the tube was centnfuged at low speed for 4 
minutes The supernatant fluid was decanted onto the higher side of a slightly 
sloping Esmarch dish, m this way many small bits of suspended agar were caught on 
the glass, and the fluid which collected at the bottom of the slope could be easily 
aspirated through a fine needle into a Luer synnge Even with these precautions, 
many minute particles of agar were earned along with the inoculum The micro- 
organism content of this inoculum was roughly determined by inoculatmg a 30 per 
cent asatic agar plate with a drop of the fluid from the synnge, and determining the 
amount of growth after 4 days incubation 

Media for Growing Pleuropneumonta-Ltke Microorganisms — In our hands, 30 
per cent asatic agar and 30 per cent asatic broth have proven uniformly the most 
satisfactory media for growmg all strains of pleuropneumonia-hke microorganisms 
that ha\ e been available The broth was an infusion of beef heart made m a propor- 
tion of 450 gm of lean meat per liter of water, neopeptone 1 per cent and NaCl 0 5 
per cent The final pH was 7 8 To this broth was added 30 per cent of suitable 
asatic fluid, or other sera, after it was filtered through a Seitz E K pad under 20 lbs 
pressure In some mstances, the media was further enriched with 0 5 to 1 per cent 
destro.e in stenle solution -kfter incubation to test stenhty, the ascitic broth was 
stored in the refngerator 

The 2 per cent nutnent agar wias prepared from beef heart infusion with 1 per cent 
neopeptone and 0 5 per cent NaCl and adjusted to a final pH of 7 8 To flasks of this 
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agar melted and cooled to 45®C was added 30 per cent of Seitz filtered ?rann asatic 
fluid. This mixture •vs'as poured into clear glass Petn dishes having filter paper 
m the tops to absorb condensed water When the media was well sohdified the Petn 
dishes were sealed with parafilm m stnps about 2 cm wide pressed well on the glass 
with a photograph squegee roller After 24 to 36 hours mcubation the plates v. ere 
exammed microscopically and stored on a laboratory table (not m the refngerator) 
Before bemg inoculated the medium was again carefully exammed either with a hand 
lens or low power microscope and those plates showmg bactena or spores of moulds 
were discarded It was important to use plates not over 7 to 10 days old because of 
the tendenc> of older ones to develop numerous pscudocolomes of sphere crystals (11) 

These plates were mocubted m a bactcnological hood or in a tissue culture room 
havmg filtered air and rescaled with fresh parafilm This seal w’as an important 
feature of the technique for when properly made it msured a moist atmosphere m the 
Petn dish dunng both the preUmmaty mcubation and storage of the media and follow 
ing the moculation 

The matcnal to be tested for content of pleuropneumonia like microorganisms 
consisted of a pulp of the chorioallantoic membrane or embryo mmced finely with a 
sassors This ivas streaked over the surface of the media with the convex surface of 
a slightly curved spud, which was more satisfactory than the usual pbtinum loop 
In making subcultures a suitable area of the agar was cut out lifted to a fresh pbte 
with a spud and the colon) bearing surface of the cutout ' was pbced m contact 
with the upper surface of the fresh medium then the ' cutout’' was carefully rubbed 
over the surface of the asatic agar with the spud The tendency for pleuropneu 
mooia like microorganisms to grow down mto the agar makes necessary this mode of 
transferrmg described by BLhenebergcr (12) for it is difficult and often impossible to 
transfer this type of colony by the usual bacteriological technique In subcultunng 
these cultures into hquid media a cutout of the agar bearing colonies was trans 
ferred to the asatic broth with the spud When subcultures were made from fluid to 
sohd media a drop of the asatic broth culture was pbced on the surface of the asatic 
agar and the aiver of the Petn dish was immediately repbeed then the drop of fluid 
W’as spread over the surface of the mcchum by properly Uppmg the dish with care not 
to allow the fluid to touch the sides In all of these maneuvers it was important to 
reduce the penod dunng which the pbtes were opened to the shortest possible interval, 
for air borne bactena and spores of moulds were frequent sources of contamination, 
and once contaminated with moulds it was very difficult to punf> the cultures of 
pleuropneumonia like microorgamsms without resorting to filtration 

The advantage of the above desenbed technique is that the growth and develop- 
ment of the colomes can be followed with the low power microscope (objective lOx, 
ocubr lOx) without openmg the Petn dish and running the great nsk of contamma 
bon, for the charactensbc colomes usually do not become vi'^ible before the 3rd day, 
and sometimes not imtil the Sth to 7th particubrly when grovm from tissues For 
the most sabsfactory microscopic examinabon, a fairly strong artifiaal hght is de- 
sirable, the substage condenser is elevated as high as possible and the beam of hght 
made very fine by almost closing the ms diaphragm The Petn dish is pbced with the 
top down on the microscope stage and a fine beam of hght is focused sharply on the 
filter paper in the Petn dish This gives about the proper lUuminabon of the colonies 
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which are viersed through both the bottom of the dish and the agar, hence the impor- 
tance of having these hght-transmitting media crj stal clear By shghtly tippmg the 
substage mirror from side to side, or by moving the lamp, the beam of hght can be 
made to stake the colonies obhquely and thus their texture and the character of the 
centers can be better brought out These colonial appearances are rather character- 
istic for the different types, as emphasized by Kheneberger (12) Small areas on the 
medium can be identified by marking the overlying surface of the Petn dish with a 
glass markmg pencil, and isolated mdividual colonies can be marked by fastening a 
bit of perforated paper directly over the colony with Scotch tape, if the marker is 
properl> placed, the colony can be repeatedly studied through the perforation, and 
numbered paper can be used to identify a particular area or colony for transfer 

Ob\ louslv for this technique the media must be crystal clear, hence blood agar or 
Kheneberger’s special media (13) for growmg pleuropneumonia-hke microorganisms 
IS not usable, even though it efficiently nourishes these microorgamsms Neither 
IS clear media slanted m tubes so satisfactory, because of the difficulty m microscopic 
exammation, which is necessary to detect such minute colonies In our experience, 
the most important component of this media is proper ascitic fluid m 30 per cent 
concentration Not all ascitic fluids are satisfactory, hence it is advisable to test 
each new fluid for its capacity to sustain all available pleuropneumonia-hke micro- 
organisms before adopting it for routine use With these precautions, we have grown 
all 01 the strains of pleuropneumonia-like microorganisms that have come to our 
hands even though several of them had been growm by Kheneberger for many months 
on media ennehed with horse or beef serum For many strains, horse- , beef- , or 
rabbit serum agar are satisfactory ennching substances, but because ascitic fluid m 
30 per cent concentration has been found requisite to grow others, it seemed desirable 
to adopt this as a routme media for recovering plcuropneumoma-hke microorganisms 
from tissues With it we have easily recove-ed strains directly from pneumonic 
mouse lungs, from apparently normal mouse conjunctivae, and from the chono- 
allantoic membranea u=cd in the present work Occasionally, only 3 to 10 colonies 
could be found on an entire plate, numbers that could easily have been overlooked on 
an\ other media Aloreover, it has been possible to obtain subcultures from “cutouts” 
containing one or two colonies Finally, the relative number of colonies on a plate 
moculated w ith mmced tissue has given a rough index of the number of microorganisms 
in that tissue compared with others 

Microscopic stud> of pleuropneumonia-hke microorganisms is most easily made in 
Giemsa stained films and in dark field preparations of fluid cultures such as the 30 
per cent ascitic broth, but it sometimes takes much longer to establish cultures of 
these microorganisms in fluid than on sohd media, and then only after many “bhnd 
transiers ” Moreoi er, some strains die much more rapidly in fluid cultures than on 
solid media, and contaminants can be more readily separated when they appear on 
agar, although it is fairl> easy to purifj fluid cultures by suitable filtration 

Slraiits of Pic tropneumonia-Like Mtcroorgantsms Tested — Eight different strams 
belongmg to lour different immunological t>pes were tested for their ability to grow 
on chorioallantoic membranes 

L\ Strains — Li obtamed from Miss Kheneberger was originally isolated from a 
rat’s enlarged l>Tnph node It had been earned through many subcultures, on vanous 
media 
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L7 and Ltj, obtained from Dr Angevine, were denved from the L7 stram isolated 
from arthritic joints of rats by Tmdlay, MacKenzie, MacCailum, and Kheneberger 
(9) Later Klieneberger (1) determined that this stram was umnunologically similar 
to Lt Dr Angevinc had repeatedly subculturcd the two variants in different media 
the a variant on ascitic agar and the 6 variant m ascitic broth, and had found different 
colonial forms m these vanants when they were subcultured on ascitic agar 

Lt Strains — Ls, obtained from Kheneberger, isolated by Findlay, hiiencbergcr, 
MacCailum, and MacKenzie (14) from the brain of a mouse w ith rolling disease 
Sabin Type A Strain A78 isolated from mice by Sabin (15 16) Young cultures 
or filtrates of young cultures, induced roUing disease m mice and cultures inoculated 
intravenously mduced polyarthntis 

Stram CA 95, isolated by the author from pneumomc lung of a mouse which had 
received mtranasal instillations of a rheumatic exudate culture agglutinated m high 
titre m Type A scrum Kheneberger (1) has shown that Sabm Type A and her L5 
are similar immunologically 

Sabm Type B — Stram B43 obtamed from Sabm as a representative strain of this 
type was isolated ongmallj from Rockefeller Institute stock of albino mice 
PUuropiiewnoma contagiosa booum — Strain Pi was ongmally from London type 
collection, but had been mamtamed many years on artificial media Recently kept 
m desiccated state after freezing 

All of the strams when grown on 30 per cent ascitic agar showed on microscopic 
examination colony forms of isolated colonies similar to those described and pictured 
by Kheneberger (12) 


RESULTS 

The results of testmg the four different types, embracing eight different 
strams or variants, are given m detail m Table I There were eighteen satis 
factory experiments, but m many others m which bacterial contaminants or 
moulds rendered estimation of the comparative growth of pleuropneumonia 
like microorganisms on the ascitic agar plates less accurate, the same tendenaes 
were noted 

Under the experimental conditions, three categories of embryomc growth 
conditions are classifiable A those with embryos aUve both at the tunes of 
inoculation and final examination, AD, those aUve when moculated but dead 
when examined, and D, those dead when inoculated Group A included a few 
where the chilling did not kill the embryo, which then hved and developed like 
their unchilled mates In group AD, most of the embryos died shortly after 
the membranes were moculated, hence from the standpomt of furnishmg Uvmg 
or dead tissue for growing pleuropneumonia like microorganisms, they must 
be considered almost comparable with group D 

It IS unlikely that the pleuropneumoma like microorganisms killed these 
dead embryos, for if these infectious agents were m themselves lethal, it is 
improbable that over three fourths of the total moculated hvmg embryos would 
have survived The fact that there is usually some mortahty among embryos 
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m eggs submitted to the membrane dropping technique probably accounts m 
large part for the deaths m group AD 
In five eggs belongmg to group A, the moculum was injected mto the eggs 
because it was impossible to drop the membranes satisfactorily, as the recovery 
of pleuropneumoma like microorganisms m all such instances was comparable 
to that from dropped membranes the results are combmed m the table From 
blood free allantoic or ammotic fluid of several moculated eggs, it was possible 
to grow pleuropneumoma like microorgamsms m concentrations almost as 
heavy as from the correspondmg membrane It therefore seems probable that 
all tissues bathed by these infected fluids contamed these microorganisms 
A casual glance at Table I reveals that there ivas no general rule concerning 
the ability of pleuropneumoma like microorganisms to grow on livmg chorio- 
allantoic membranes Three of the four types tested grew well under such 
vital conditions, but the fourth, Kheneberger’s Lt, usually did not survive 
Nevertheless, from four out of fourteen Uving membranes inoculated, respec- 
tively, with three different representatives of Type Ls, it was possible to re 
cover a very few colomes on ascitic agar plates These few colomes would 
doubtless have escaped detection with any other technique than that which 
made possible a thorough microscopic examination of the entire agar surface 
Whether this shght infection of the membranes would have been detectable by 
a series of ^‘blmd passages*’ through fluid cultures, it is impossible to state 
Certainly it would have been difficult to make such comparative studies with 
fluid media One may properly question whether m these exceptions with 
Type Ls, the survival of the few microorganisms m the membranes might not 
have been due to their presence m bits of agar earned along m the fluid with 
which the eggs were moculated No data are available to throw hght on this 
question, although with other types good growths occurred on living mem 
branes moculated with ascitic or beef serum broth cultures free of agar It 
IS mterestmg that strains Ls, isolated by Kheneberger, A78, isolated by Sabm, 
and CA 95, isolated m our laboratory, all behaved similarly m their growth 
on chorioallantoic membranes, and also much like the Sabm Type A strain, 
studied by Sullivan and Dienes (8) Their sunilarity m this respect is con 
firmatory of the type relationship of these strams, established unmunologically 
by Kheneberger and Sabm, respectively 
From hvmg membranes moculated with strains belongmg to Kheneberger 
Type L*, Sabm Type B, and Pl€uropneu7nonta contagiosa hovnmy good growths 
were obtamed, therefore m sharp contrast with Type 'Li, it is obvious that the 
majority of types tested were capable of growmg on such membranes This 
capacity, however, varied it was less marked in the strains belonging to Types 
L4 and B than m Pleuropneumoma contagiosa bovum, which mcidentally mduced 
the most marked macroscopic and microscopic evidence of growth m these 
viable membranes 
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Even though these three types grew well in hving membranes, they multi- 
phed m all e^cperiments much better m dead ones This is best illustrated by 
reassemblmg the data m the form shown m Table H, where it is evident that 
the best membranes for growing all strains were those which were dead when 
inoculated, t c category D, next in order were those that died shortly after 
bemg moculated (AD) Indeed, from several of the killed membranes in- 
oculated w ith strains belongmg to strains L? (Type L4) and Pleuropneumonia 
contagiosa booum, there was obtamed on the ascitic agar plates a growth so 
hea-vy’’ that it formed a grayish band on the surface of the medium, and the 
typical colonies were recognizable only on thinly moculated areas or on sub- 
cultures From these results, it seems evident that if the chorioaOantoic 


TABLE n 



membrane technique is to be employed m searchmg for the presence of pleuro- 
pneumoma-like microorganisms m tissues or exudates, a better chance of 
recovermg them would be afforded by killin g the embryos aseptically before 
placing the suspected material on the membranes 

Incidentally, the effect of growing variants of pleuropneumoma-like micro- 
organisms on chorioallantoic membranes was studied This was suggested by 
some observations of Dr Angevine ( 17 ) from whom strams L70 and L76 were 
obtamed The L7 stram had been sent to him by Miss Kheneberger In cul- 
turmg the stram on ascitic agar and m ascitic broth respectively and occasion- 
ally comparing the morphology of the colonies m subcultures on ascitic agar, 
Angevme noted that variants developed m the hquid media, which tended to 
retain their variant morphology when repeatedly subcultured on solid media 
WTien, on the other hand, their pathogemcity was tested m animals, the colo- 
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nies obtained from the lesions were always of the original type, here designated 
as a, the variants which developed m ascitic broth are designated as 6 In 
SIX subcultures on asatic agar m our laboratory, the two strains retained their 
respective colonial appearance The a colonies were round, only moderately 
granular, the margins were distinct, and the central portions were relatively 
small and fairly translucent The b colonies, on the other hand, were larger 
and appeared more granular, the margmswere somewhat indistmct, the centers 
were two to three tunes the size of the centers of the a colomes and were 
distinctly more granular 

Both types of variants grew well on either hving or killed chorioallantoic 
membranes, but mfimtely better growth was obtamed from the dead ones (ex 
periments 31-2 33-4) The ascitic agar cultures from all of the membranes, 
however, presented the morphology of the a colonies Thus the passage of 
variants through chorioallantoic membranes had tlie same influence m causmg 
them to revert to the original form as had passage tlirough such mammals as 
rats and mice The danger of contamination with other strains of pleuro- 
pneumonia like microorganisms m passmg through eggs is, of course, much less 
than in passage through rats and mice, which are now known to be frequent 
earners of this class of microorganisms 

Lesions Induced tn ChorwaJlontotc Membranes 

No constant lesions were observed in the Uvmg membranes moculated with 
the several strains of pleuropneumonia like microorganisms Many of the 
membranes showed gray central areas of thickening which were probably in 
duced in large part by the technical procedures Only rarely were there small 
diffusely scattered white spots which resembled somewhat the lesions described 
by Burnet (18) as pox About one fourth of the membranes were thin and 
transparent, half showed varymg degrees of edema, m some very marked, but 
no relationship could be detenmned between the amount of edema and the 
intensity of infection as determined by the content of microorganisms All of 
the hvmg membranes infected with stram L? were from 1 to 3 mm thick, and 
had a gelatmous consistency Half of the membranes mfected with Pleuro- 
pneumonia contagiosa hovum had a similar thick gelatmous or leathery ap- 
pearance 

Only a few of the markedly thickened membranes were examined micro- 
scopically and no attempt was made to study the histological evolution of 
lesions It IS doubtful whether the abnormal microscopic picture could all be 
attributed entirely to the action of the microorgamsms for the inoculum often 
contamed numerous mmute particles of agar which doubtless mducedforeign 
body reactions m the membranes The edematous membranes showed some 
mcrease m mesodermic cells which were widely separated by clear spaces, the 
gelatmous membranes often revealed a distmctly mcreased number of fibro- 
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blast-like cells, and in those membranes infected with stram L? there were 
numerous scattered accumulations of large round cells with a heavily stammg 
nuclei Those infected with Pleuropneumonia contagiosa bovum, on the other 
hand, although just as abnormal m the gross, showed much less round cell in- 
filtration m the mesoderm Because of the great variability m both macro- 
and microscopic appearance, it is doubtful whether any of the alterations had 
pathognomomc significance To determme the chorioallantoic tissue reactions 
to infection with various strains of pleuropneumoma-like microorganisms, a 
much more systematic mvestigation should be pursued with mocula free of 
particulate foreign bodies 


DISCUSSION 

As suggested by the hterature, considerable variabihty was found to exist 
among different pathogenic strains of pleuropneumonia-like microorganisms 
m their abihty to grow on living chorioallantoic membranes While the pres- 
ent experiments employed only a part of the known strains of this class of 
microorganisms, it is evident that no universal rule can be laid down concern- 
mg the ability of this class of microorganisms to survive under the pecuhar 
avian embryomc conditions that are favorable for so many bacteria and viruses 
From our experience with the three strains of fUienebergerLs type (Sabin Type 
A) exammed by us and the one strain tested by Sullivan and Dienes, it appears 
that immunologically related strams probably have sunilar capacities for 
growmg on chicken chorioallantoic membranes On the other hand, withm 
Type 4, stram L? mduced much more marked lesions m the membranes than 
did stram 1 ^, even though both grew with comparatively the same facility m 
these tissues No relationship, however, could be detected between a given 
stram’s capacity for mducmg lesions m mammals and its abihty to multiply m 
chick chorioallantoic membranes Indeed, the capacity for these mammalian 
pathogenic microorganisms to induce marked or characteristic lesions m either 
the chick embryo or membranes seemed to be mmunal It is doubtful whether 
any of the strams tested had a lethal effect on these chick embryos, for whether 
they grew luxuriantly or poorly on the membranes, by far the majority of the 
embry'os survived, and showed no characteristic macroscopic lesion when 
examined 

It IS of mterest that passage through chonoaOantoic membranes caused a 
morphological variant L 74 to reassume its origmal colonial morphology m the 
same manner as passage through its normal host, the rat This observation 
suggests that the egg embryo passage technique might be more rehable m 
study mg the abihty of strains of pleuropneumonia-hke microorganisms to 
assume their characteristic colonial morphology than would passage through 
rodents, for it is now well recognized that rodents may harbor many different 
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types of these microorganisms m an apparently latent form, and this earner 
state makes it possible to contaminate a given strain of pleuropneumoma like 
microorganisms with strains of another variety if it is passed through such 
animals 

The rule that sterile killed chorioallantoic membranes support the growth 
of pleuropneumonia like microorganisms better than Uvmg ones is worthy of 
note, in this respect they behaved more like bacteria than like vuruses, which 
practically always require hvmg cells for their growth Possibly sterile dead 
chorioallantoic membranes would furnish the most suitable medium for pleuro- 
pneumonia like microorgamsms of fastidious growth demands Certamly 
killed membranes should always be used along with living ones, if this technique 
is employed m searching for pleuropneumonia like microorganisms m tissues 
suspected of harbormg them 


SUMUASV 

1 Among eight strains or variants, included m four different immunological 
types of pleuropneumonia like microorganisms, all grew on. chorioallantoic 
membranes, those belongmg to 'Klieneberger’s Type 1^ (Sabin Type A) grew 
very poorly, and those mcluded m three other types grew with varying degrees 
of vigor 

2 In all instances, strains of pleuropneumonia like microorganisms tested 
grew better on dead sterile chorioallantoic membranes than on hvmg 
membranes 

3 None of the strains tested was m itself lethal for chick embryos 

4 No constant macroscopic lesion developed as a result of moculatmg 
chorioallantoic membranes with pleuropneumonia like microorganisms 
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In order to secure precise knowledge of the fluctuations of body water 
It IS necessary not only to obtain the concentration of electrolytes in the serum 
but also to know the volume of fluid in which lhe> are di5c.olvcd and the appor 
tionment of these fluids among the various compartments of the body While 
there are now available several fairly accurate methods for measurmg tlie 
volume of the vascular or plasma fluid, attempts to determine the volume of 
intracellular fluid have not proved too successful On the other hand estima 
tion of the extracellular volume by means of certam diffusible, non metabolized 
substances such as thiocyanate sucrose, and sulfate have been more fruitful 
(1-S) Most of these substances are not present m the body normally but 
resemble chloride in that they arc restricted mainly to the extracellular fluids 
The principle of the methods employed is not complicated Some hours after 
the intravenous injection of the test substance, samples of blood and urine 
are obtained and the concentration determmed m each Assuming that the 
substance is uniformly distributed, the amount remaining m the body divided 
by the concentration m the serum water gives the volume of fluid in which it 
IS dissolved It appears that these substances are distributed throughout 
approximately 20 to 25 per cent of the body weight of man (1, 2, 5) 

Lavietes, Bourdfllon and Klinghoffer (2) have shown tliat for practical 
purposes sucrose and sulfate are not suitable for determination of the extra 
cellular fluid because of their speed of excretion However, sucrose has an 
advantage m that it is a non electrolyte and therefore its concentration in the 
water of serum and of interstitial fluid is probably the same On the other 
hand thiocyanate has numerous advantages It is rapidly distributed through 
the body, it is slowly excreted and its concentration can be readily determmed 
with accuracy m a small sample It has several disadvantages in that it 
enters the red blood cells, attammg a concentration approximately the same as 
that of serum, and it enters the cells of certam glandular organs Lavietes 
and coworkers (2 6) and GiUigan and Altschule (7) believe that it is ‘bound* 
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somewhat to some relatively non-diffusible substance m the serum, so that the 
average concentration m the transudate is 100/110 that m the serum 

In view of the fact that none of these substances proved to be ideal for the 
purpose, a substance such as sodium which is normally present m the body 
and is mainly limited to the evtracellular phase, should afford a convenient 
measure of the volume of this compartment This can be accomplished readily 
by determining the volume of body fluid through which radioactive sodium 
(Na=^) IS distributed after its intravenous mjection The purpose of this 
paper is to describe such a method and to report the results of determinations 
of the sodium space on normal subjects and to compare these results with 
those obtamed by estimating the volume of fluid available for the distribution 
of sodium thiocyanate 

Methods atid Procedures 

Radiosodium was prepared in the cyclotron in the Department of Physics of the 
University of Rochester It was formed by the bombardment of sodium chlonde 
with deuterons The reaction was Na-* + H 2 — ► Na-'* + The chloride isotope 
was also produced but it has a very short half life of 37 minutes Radiosodium 
decays with the emission of free electrons or /3-rays, Na-^ — ► -f e~ The half 

life of Na-^ IS 14 8 hours The amount of the radioactive isotope present in a sample 
was determined by measuring its fl-ray activity by means of a modified Geiger- 
Muller counter The counting tube descnbed by Bale, Haven, and LeFevre (8) 
was employed The radio activity measurements were recorded in terms of scale-of- 
four counts per minute per milliliter Each sample was corrected for decay of its 
fl-ray activity to the time of the counting of the original radiosodium standard 

The method is based on dilution of a known quantity of Na^^ (in counts) by the 
extracellular water The volume m which the sodium is diluted is found by dividing 
the quantity of radiosodium present m the body by the concentration m a sample of 
serum The quantity m the body at any given time is the quantity injected minus 
the urmary loss Here the assumption is made that radiosodium does not diffuse 
into the cells, but is exclusn ely limited to the extracellular fluid It will be shown 
later that there is an excess of sodium in the body that cannot be ascnbed to the 
extracellular compartment 

The active matenal (approximatel> 300 mg ) was dissolved in 13 to 20 ml of dis- 
tilled water and the solution autoclaved A, measured volume (usually 9 16 ml ) of 
this solution was injected into the antecubital vem from a specially cahbrated synnge 
The s>rmge was nnsed with blood several times to insure delivery of all the sodium 
From the remaining portion of the radiosodium solution, 1 ml samples were delivered 
into three separate volumetnc flasks and diluted with physiological saline to 2 liters 
These are referred to as the radiosodium standards It was found that three samples 
were necessary for accurate determination of the number of counts injected 

Simultaneously, the thiocyanate method for the measurements of extracellular 
fluid was earned out as descnbed by Gregersen and Stewart (4) Immediately 
follow mg the mjecUon of the radioactive sodium, 16 to 18 ml (0 8 to 0 9 gm ) of 
sterile 5 per cent sodium thiocyanate solution were injected slowly mto the ante- 
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cubital vein of the subject from a calibrated synngc Thiocyanate was determined 
as feme thiocyanate by the use of the spectrophotometer in preference to the colonme 
ter(l 4) The readings were made at a wave length of 480 miUiimcrons 

Blood volume determinations were made in some of the subjects by the use of the 
blue azo dye (T 1824) as desenbed by Gibson and Evans (9) Optical densities were 
determined by the spectrophotometer at wave lengths of 620 millimicrons for the 
d>e and 574 millimicrons for correction for hemolysis In order to detect possible 
change in the relationship of cells and plasma several hematocrits were taken during 
each expenment Blood was aUo taken for plasma protein determinations 

The experiments fall into two groups those earned out during the daytime ranging 
from 3 to 6 hours and those conducted at night for a 12 hour period The subjects 
were kept under basal conditions Control scrum and unne samples were obtamed 
from each subject pnor to the injection of radioactive sodium and thiocyanate 
Blood samples w ere taken at fairl> regular mtervab during each expenment to deter 
mine the mixing tine of Na^* and thioc>anatc In one group of patients the con 
ccntrations of Na * and thiocyanate m blood were compared \vith those of vanous 
serous effusions Two blood samples (6 ml of whole blood) were taken in separate 
syringes through one needle Such samples were put under oil, allowed to clot centn 
fuged and the scrum pipetted off m preparation for the determination of 0 ray 
activity, dye and thiocyanate concentrations Unne specimens were obtained fol 
fowing the venipuncture in order to detennme (he excretion of radiosodium and 
thiocyanate DupUcate transudate samples were taken immediately following the 
blood samples 

From each sample of the standard radiosodmm solution serum, unne, and transu 
date a 2 ml aliquot was pipetted carefully mto a Geiger MuUer cup These were 
counted for at least two 5 minute penods Further penods were often counted to 
mcreasc accuracy ^ The optimum range for the Geiger MtiUer counter used m most 
of the expenments was below fOO counts per mmute for a 2 mk sample When the 
activity of samples exceeded this value time was allowed for radioactive decay until 
the optimum counting range was reached An improved counter with a very much 
higher optimum range was used m the more recent determmations * The same 
unne serum and transudate samples were used for the thiocyanate determinations 
No toxic reactions of any kmd were observed with either thiocyanate or radiosodium 

* The procedure for counting the 0 ray activity of all the samples for one eipen 

meut IS as follow-s (1) Distilled water background (2) Potassium acetate standard 
(3) Radiosodium standard number 1 radiosodium standard number 2 radiosodium 
standard number 3 (4) Control scrum sample (5) Duplicate scrum samples (taken 
at varying intervals following the injection of Na’*) (6) Duplicate transudate Sam 

pies (7) Control unne sample (8) Unne samples (taken at varying intervals fol 
lowmg the injection of Na^‘) (9) Radiosodmm standard (one selected at random) 

(10) Potassium acetate standard (11) Distilled water background 

* It was found that neither the speafic gravity nor any of the constituents o! serum 
and unne had any effect upon the penetration of 0 rays Equal amounts of radio 
sodium solution were added to equal amounts of serum distilled water and unne 
and these solutions exhibited the same 0 ray activity 
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The fluid available for distnbution of radiosodium (sodium space) was calculated 
as follows 


Sodium space, hters 


Counts mjected — counts lost m unne 
Concentration counts per mmute per liter of serum 


The interstitial fluid (extravascular extracellular fluids) is equal to the sodium 
space minus the plasma volume 

The fluid available for the distnbution of thiocyanate was calculated by the formula 


Thiocjanate space, hters 


Mg CNS injected — mg lost m urme 
Mg CNS per hter of serum 


(Formula A) 


Thiocvanate space was also calculated according to the formula of Lavietes, Bour- 
dfllon, and Klmghoffer (2), 


Thiocjanate Mg CNS retamed 

space = — (concentration in serum X blood volume) + (Formula B) 

corrected 100/110 X concentration m serum , 

Gregersen and Stewart (4) found that the available fluid inside the red blood cells 
is equal to their water content, which is about 70 per cent of the cell volume Fur- 
thermore, when the cell volume is calculated from the plasma volume and thd hema- 
tocnt, It IS somewhat higher than the cell volume determined directly by the carbon 
monoxide method This formula then attributes too much thiocyanate to the 
erj'throcj tes 

Accuracy of the Method — In order to determme the value of this procedure for use 
in clinical investigation, it is necessary to estabhsh the magnitude of errors inherent 
in the method The technical errors resolve themselves into (a) pipetting, samplmg, 
and counting the jS-ray activity of the standard, serum, and unne and (6) the measur- 
ing and injection of the radioactive substance mto the body There is ample data 
on the former to describe the hmits of errors with reasonable accuracy AU counts 
referred to in this paper represent scale of-four counts on the impulse recorder and 
therefore one-fourth the total number of discharges m the counting tube It was 
found that three tunes the standard error of a single determination of j3-ray activity 
was the same for individual standard solutions and serum samples, amounting to 
2 3 counts per mmute per milliliter There was no correlation betw een the magnitude 
of the error and the degree of activity of the same over a range of 10 to 100 counts 
per minute per miUihter, therefore, the error m countmg a single sample is properly 
expressed in counts per mmute per milliliter rather than in per cent The error in 
the sodium space due to counting errors in standard, serum, and urine samples 
depends, because of this, on the magnitude of activity of the various samples, with 
accuracy increasing as the activity increases From the analysis of the data available, 
the error in the sodium space due to errors m counting the activity of these samples 
Is i2520 ml when the count is equal to 10 per mmute per miUiliter, ±644 ml when 
the count equals 40, and ±266 ml when the count is 100 The average count in 
this senes of experiments was 40 per minute per miMiter Therefore, with an 
a\ erage sodium space of 18 3 liters, the error, due to countmg, should not exceed 
±0 644 hter or ±3 5 per cent m 95 per cent of the cases 
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This takes into consideration most of the technical errors that can be determined, 
except for the measuring and the mjcclmg of radiosodium In order to get an idea 
of the magnitude of error involved m these procedures, a senes of five ttt intro expen 
raents ^vas done The procedure was as follows 14 bters of normal saline were 
placed m a large container, and 9 16 ml of a radioactive sodium solution were injected. 
The measurement and injection of the sodium were earned out in the same manner 
as though it was to be injected into a subject After thoroughly mixmg the contents 
of the container samples were taken m order to determine the ^ ray activity Then 
2 more hters of saline were added to the contamer and the process repeated The 
total counts injected divided by the activity of the saniple per minute per cubic 
centimeter gave the estimated volume m liters The mean difference between the 
theoatical and the estimated volumes was —0 013 liter with a standard deviation 
of ±0 4I4d Correcting for errors of distnbution due to the small size of the sample 
at a level of significance of P =* 0 Oo the deviation of the sodium space from the 
‘ truth” should not exceed ±0 896 liter (10) The percentage error with an average 
sodium space of 16 liters is ±5 6 Since the average count m this senes of expen 
ments was 75 counts per minute per cubic centimeter the error to be expected from 
counting the ^ raj activity should not be greater than ^=0 268 hter The difference 
between the values (i:0 806 and iO 268 liter) IhcoTctically reprcAents the error m 
measuring and injecting the radiosodium 

In order to define the limits of error in the thiocyanate method the volume of flmd 
in the above experiments was aUo estimated by means of sodium thioc>anatc These 
errors include most of the technical ones associated with this method The mean 
difi’crcncc between the actual and estimated volumes was +0 052 liter vvith a standard 
deviation of ±0 193 liter Again correcting for the errors of distribution due to the 
small size of the sample, the deviation of the thiocyanate space from ‘‘truth’ should 
not exceed ±0 425 liter m 95 per cent of the Cases This represents a percentage 
change of ±2 7 w ith an average volume of 16 liters 

Malenal — Twenty two measurements of the extracellular fluid were made on 
thirteen normal subjects whose ages vaned between 20 and 56 >ears body weight 
between 58 and 106 kg and body surface area between 1 6 and 2 3 square meters 
All the subjects were m good health 

In order to determine the rate of diffusion of radiosodium and thiocyanate from 
the blood stream mto the interstitial fluid serous effusions mto the pleural cavity 
caused by congestive heart disease Hodgkm’s disease and pulmonary tuberculosis 
were obtained ten times from 5 patients asatic fluid from a patient suffering with 
congestive heart failure synovial fluid from a patient with rheumatoid arthritis 
and spinal fluid from four subjects whose fluid showed no abnormalities Saliva was 
collected from three normal subjects and gastric juice from two 

RESULTS 

J?afe of Di^ffmton of Radtosodium o«d Thiocyanate — After the intravenous 
mjecUon of the radioactive isotope of sodium the ^ ray activity of the serum 
gradually fell with time until equilibrium was reached In Fig 1 are plotted 
the volumes of extracellular fluid calculated from the concentration of counts 
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m the serum against time These volumes were corrected for loss of radio- 
sodium m the urme In general from 1 to 3 hours after the intravenous injec- 
tion, the volume increased rather rapidly (Fig lA), while from 3 to 9 hours 




Fig 1 The rate^of dihfusion of radiosodium and sodium thiocyanate m the body 
of normal subjectsjafter mtravenous mjection 

after the administration tfie rate of increase was much slower, indicating that 
the marked sodium was diffusmg more slowly into certam parts of the body 
(Fig 1 B and C) Measurements of the extracellular fluid on eight normal 
subjects showed that the average value for the volume 3 hours after the mjec- 
tion was 18 S hters as compared with 19 6 liters at 6 hours or an average in- 
crease of 800 cc A similar increase was noted from 6 to 9 hours after^the 
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injection, while from 9 to 12 hours the values approximated each other 
more closely (Fig 1 C) Serial determinations of the sodium space on two 
normal subjects at 3, 6, 9, and 12 hours gave average values of 17 4, 18 1, 
18 9, and 18 9 respectively Tlie rapidity with which the /3 ray activity of 
the serum fell durmg the first 3 hours after the injection suggests that the 
tagged sodium diffused rapidly into certain portions of the body (24 8 per cent 
of the body weight) while the slower rate of decline durmg the next 6 hours 
indicates that there are certain portions of the body into which the sodium 
penetrates less easily 

In some instances the diffusion rate of thiocyanate was studied simulta 
neously with that of Na * The rate of diffusion for thiocyanate was more 
rapid than that for sodium Equilibrium was reached 3 hours after the 
administration (Fig 1 B and C) In eight normal individuals the average 
value for the volume of fluid available for the distribution of thiocyanate was 
18 8 Uters 3 hours after the mjection and 18 9 liters at 6 hours When 
samples of serum were obtained every 3 hours for a 12 hour period, the 
average values for the thiocyanate space (not corrected) in two subjects were 
17 4 liters at 3 hours, 17 3 liters at 6 hours, 17 3 liters at 9 hours, and 17 0 
hters at 12 hours 

The rate of attainment of diffusion equilibrium for Na * and thiocyanate 
between the blood stream and serous effusions was also studied The results 
are given in Table I All the subjects had rather large accumulations of fluid 
In the case of pleural fluid, diffusion equihbrmm for both and thiocyanate 
appeared to be reached in most cases between 9 and 12 hours after the mjec 
tion of the substances This was also true in the case of ascitic fluid (7) 10 

hters of ascitic fluid were withdrawn from patient V C The observations 
with respect to thiocyanate are not in accord with the results of previous 
workers (2, 6, 7), who found the concentration of thiocyanate m transudates 
was 100/110 of the concentration m serum This discrepancy in results is 
due m all probabihty to the fact that the effusions m the cases herem reported 
are not strictly speakmg normal interstitial fluid because of their high pro- 
tern content 

In contrast to other ultrafiltrates of serum, thiocyanate does not enter 
the spmal fluid to any great extent This confirms the observation of Wallace 
and Brodie (11) that thiocyanate does not enter the central nervous system, 
unless the concentration m the blood stream is much higher than that used 
in these experiments It required about 12 hours for Na^ to attam diffusion 
equilibrium between spinal fluid and serum (Table I) If, as has been sug 
gested (12), the extracellular fluid of the central nervous system has the same 
relationship to spinal fluid as that of other tissues has to serum, then radio^ 
sodium dieses slowly into nervous tissue and e\en 12 hours after injection it 
may not yet be m lomc equilibnum with spmal fluid In the dog the radio- 
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sodium has not penetrated the central nervous system to its maximum con- 
centration (Table V), for the apparent extracellular volume calculated from 
Na-^ was smaller (29 3) than that calculated from the chloride (44 6) Ac- 
cording to IManery and Hastings (13) the ratio Na Cl is slightly higher for 
spinal cord than for ultrafiltrate of serum 

TABLE I 


Concentration of Radtosodtiim and Thiocyanate tn Serous Effusions Expressed as Percentage 

of the Serum Concentration 





Protein 1 

Sodium 

Thio 


Subject 

Serous eHusiOD 




1 concen 


Condition 

injection 

Serum 

Effusion 

' tration 

tration 



hrs 


gm 

per cent 

per cent 

per cent 


M M 

Pleural fluid 

3 


2 7 

61 

101 

Hodgkin’s disease 


‘ 

1 6 



87 

130 


E H 

1 « 

6 

6 4 

4 S 

90 

87 

Congestive heart failure 


« 11 

9 



101 

99 



« K 

i 12 



9S 

101 


G J 

4« «< 


6 4 

2 5 

103 

94 

Congestive heart failure 


‘ 




99 

103 


A W 

i «( 


6 3 

3 0 

87 


Congestive heart failure 

! 

1 44 




94 




* 

24 



97 

— 


N H 

« 1 

9 

8 3 

5 3 

78 

78 

Pulmonary tuberculosis 

A J 

Synovial fluid 

12 

7 0 

5 4 

1 

101 

95 

Rheumatoid arthritis 

v C 

AsclUc fluid 

12 

6 3 

3 3 i 

95 1 

100 

Congestive heart failure 


44 4 

13 



97 

99 


B L 

Spinal fluid 

3 



22 



Normal 

J 0 

4 (4 

6 1 



23 

9 1 

** 

M E 

4 44 

9 



68 

— 

II 

F B 

4 4 

U 



101 

0 

44 

P M 

Saliva 

3 



7 

870 1 

Normal 

L Y 

I 

3 



7 

1150 

44 

F B 

4 

3 



13 ! 

1280 


N H 

Gastric juice 

3 



39 

111 


P Q 

4 14 

6 



28 

770 



It has been show n that thiocyanate enters the cells of the glands of the diges- 
tive tract, and that it is secreted mto the ahmentary tract (1) The results 
of this study showed that the concentration of thiocyanate m saliva and gastric 
juice was very much higher than that in the serum On the other hand, the 
concentration of radiosodium m such fluids was m the expected range (Table I) 
Volume of Extracellular Fluid in Normal Subjects — ^The results of measure- 
ments made on fourteen subjects are given in Table 11 The average value 
for the sodium space calculated from the counts m the serum sample taken 
3 hours after the mjection of labeled sodium was 18 8 liters or 24 8 per cent of 
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the body weight and 9 7 hters per square meter of body surface area The 
extreme values for the volume were 14 2 and 24 4 liters At 6 hours the average 

TABLE II 


Tht Fluid Avatlalle Jot Ike Disinlmhort of Radtosodtum and Thiocyanate tn Normal Subjects 


Expeti 
meet No 

Normal 

sobjccl 

Date 

neUbt 

Tima alter 
lojcctlon 

Plaama 

volume 

Extracel 
lular fluid 
sodium 
space 
volume 

Extracellular 0uid 
UnocjrtDate apace 

A 

B 



JW 

Ar 

ii 

titers 

/ ItfS 

liters 

liters 

1 

B H 

Apr 

69 6 

3 

3 16 

19 0 



2 

J 2 

Sept. 

67 1 

3 

2 77t 

13 9 



3 

J De 

Aug 

80 6 

3 

2 82 

19 4 







6 


20 0 












4 

J D 

Mar 

61 6 


3 07 

16 7 







6 


17 1 



5 

J Tt 

June 

31 0 

12 

2 lit 

17 5 

17 3 

17 0 

6 

J P 

Jan 

69 8 

12 

2 38 

18 4 

17 8 

16 8 

7 

L. Y 

Mar 

81 S 

3 

3 31 

20 1 

20 2 

18 9 





6 


209 

20 6 

iP4 

8 

F B 


102 3 

3 

2 84 

21 3 

21 2 

20 0 





6 


22 2 

21 0 

19 8 

9 

V D 

Apr 

61 3 

3 

2 99 

17 6 

17 0 

IS 8 





6 


18 2 

17 1 

16 0 

10 

J A 

Mar 

67 3 

3 

2 73 

17 6 

17 8 

16 8 





6 


18 3 

18 2 

17 2 

11 

G IS 

Apr 

106 3 

3 

4 33 

24 4 

24 0 

22 3 





6 


25 3 

24 4 

22 9 

12 

S G 


36 3 

3 

2 iSf 

14 2 

IS 2 

14 3 





6 


13 3 

15 1 

14 2 





8 


13 2 

15 1 

14 1 

13 

N K 


77 6 

3 

3 86 

19 2 

19 6 

18 1 





6 


20 5 

19 7 

18 2 





9 


21 1 

19 6 

18 1 





12 


21 2 

19 5 

IS 0 

14 

J c 

M«f 

33 6 

3 

2 35 

IS 6 

15 2 

14 2 





6 


13 6 

15 0 

U 1 





9 


16 6 

IS 1 

14 2 





12 


16 5 

14 7 

13 8 

Mtaol sundaid deviaboa 


3 

3 10 

18 8 

18 8 

17 6 






di6 24 

d:3 04 

±2 83 

±2 53 

Utioi sUodftrd de UUon 


6 


19 6 

18 9 

17 7 







±3 22 

±2 93 

±2 96 


* See ^^etbods 

t Plasma volume predicted on the basis of surface area from the data of Gibson and Evans 
t Recent weight loss- 
§ Includes Experiments 7 to 14 

Value for the sodium space was 19 6 liters or 25 9 per cent of the body weight 
Subject V D a tall, slender individual had the highest extracellular volume 
relative to his body weight, 29 7 per cent of the body weight, while the mdi 
vidual F B with an excessive amount of fat had the smallest volume relative 
to his body weight, 21 7 per cent These values calculated from the sample of 
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serum w ithdrawn 6 hours after administration of the substance are somewhat 
too low because diffusion of the marked sodium was not complete at this 
time 12 hours should be allowed for establishment of complete diffusion 
equilibrium between serum and tissues 
The average value for the interstitial fluid (evtravascular extracellular) 
6 hours after the mjection of radiosodium was 16 5 liters or 21 8 per cent of 
the body weight 84 per cent of the sodium space was represented by the 
interstitial fluid and 16 per cent by the vascular compartment 

In three normal subjects, N K , J C , and J P , the average value for the 
sodium space determined from the 12 hour sample was 18 7 hters representmg 
27 4 per cent of the body v/eight and 10 5 hters per square meter of surface area 
Simultaneous determmations of the fluid available for the distribution of 
thiocyanate were made on eight of these subjects When the thiocyanate 
space was calculated simply as the amount of thiocyanate retained m the body 
divided by the concentration of substance m the serum (Formula A, Table II), 
the average value was 18 8 liters or 24 9 per cent of the body weight at 3 hours 
and 18 9 hters or 25 per cent of the body weight at 6 hours The volume of 
the extracellular fluid calculated accordmg to the formula of Lavietes et al 
(Formula B, Table 11) was somewhat lower than that found for the sodium 
space The average value of eight normal individuals for the thiocyanate 
space was 17 6 hters and 17 7 hters calculated from the 3 and 6 hour sample 
of serum respectively If in Formula B we substitute 70 per cent of the total 
cell volume (its water content) as the amount of fluid available for thiocyanate 
rather than 100 per cent of the cell volume, then the average values for the 
thiocyanate space for these eight normal subjects are about the same as those 
calculated according to Formula A , t e , 18 7 hters at 3 hours and 18 8 hters 
at 6 hours In view of this we agree with Gregerson and Stewart (4) and 
Stewart and Rourke (14) that the best way to calculate the thiocyanate space 
IS according to Formula A These figures for the thiocyanate space are very 
similar to those reported previously (1, 2) 

Repeated Volumes — ^Repeated determmations of the extracellular fluid by 
means of both radiosodium and sodium thiocyanate were made on normal 
subjects at varymg mtervals of time and under similar conditions In many 
of these subjects, at the time of the second measurement, a small amount of 
thiocyanate and radioactive sodium was still present in the body from the 
first mjection In such cases the change in concentration m the serum was 
used in calculatmg the volume The results are given in Table m The 
axerage difference between the duphcates was —0 43 liter with a standard 
deviation of ±0 40 liter for the sodium space Takmg mto consideration m 
the calculation the small size of the sample, differences between duplicate 
determmations of the sodium space should not exceed ±0 98 hter or ±4 9 
per cent with an average volume of 19 9 liters This error in the sodium space. 
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cent The mean difference was not significantly different from zero There 
was no significant change in the blood volume, the mean difference being 
+6 ml The changes in the sodium space were no more consistent than 
those found for the volume of the blood The volume during the warm season 
as compared with the cold increased in three subjects and decreased in two 
The mean difference was —0 50 liter, a value not significantly different 
from zero 

These results arc not in agreement with the marked changes m the volume 
of the blood found by Barcroft e/ al (15) and Bazett and coworkers (16), 
durmg seasonal variation The former mvestigators using the CO method 
for determining the volume of the blood found an increase of about 35 per 
cent m this volume as they sailed through the tropics and Bazett et al observed 
equally large increases m the blood volume durmg the summer heat There 
was an increase in both the plasma and the cell volume m the summer, so 
that the hematocrit readings did not change More recently Forbes, Dili, 
and Hall (17) found much less marked changes m the blood volume with 
changes m climate A group of laboratory workers on moving to a hot damp 
climate for the summer showed an mcrcase m the volume of the blood and 
plasma of only 4 5 and 4 2 per cent, with a range from —6 per cent to *f 12 
per cent 

We have employed essentially the same methods for the blood volume as 
Forbes and his group The results m the two groups are ver> similar The 
discrepancy between the results of Barcroft and Bazett and Forbes and ours 
cannot be explained at the present time 

DISCUSSION 

The results of this investigation indicate that the fluid available for the 
distribution of radiosodium (sodium space) represents approximately 25 per 
cent of the body weight The sodium space will be equal to the volume of 
extracellular fluid providing that either sodium is exclusively limited to the 
extracellular phase, or if not, it does not exchange with mtracellular sodium 
and further, providing that the radioactive isotope is equally distributed 
throughout the sodium phase There is good evidence to suggest that neither 
sodium nor chloride is exclusivel> limited to the extracellular compartment 
Manery and Hastings (13) have shown that the Na Cl ratio vanes m different 
organs The ratio for most tissues is approximately the same as that of an 
ultrafiltrate of serum, but in certam tissues (stomach, tendon, and testes) 
there is excess chloride while m certam other tissues (spinal cord, cartilage, 
and bone) there is extra sodium which suggests the existence of both mtra 
cellular sodium and chloride The results of Harrison, Harrow, and Yan 
net (18) on the analysis of whole bodies of animals support these findings 
with respect to sodium They found an excess of sodium amountmg to ap 
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{d) Three dogs (Y-9, X-29, X-53) with mild hypertension and relative renal 
excretory msufficiency due to partial occlusion of the renal arteries were sub- 
jected to the dietary sequence The non-protein mtrogenous substances of 
the blood mcreased dunng the high protein phase of the diet and returned to 
the basal level again when the dogs were placed on the standard diet One of 
these dogs (X-29) was also subjected to a diet of meat with added sodium 
chloride, this procedure had no effect on the blood pressure 

(e) Four dogs with severe hypertension and relative renal excretory insuffi- 
ciency (U-39, X-55, X-64, X-92) were subjected to the succession of high and 
low protein diets with no significant changes m blood pressure except m one 
case (X-92) In this animal the first high protem diet was accompanied by an 
acute rise m blood pressure and non-protem mtrogen as well as symptoms and 
signs usually associated with malignant hypertension such as anorexia, diar- 
rhea, vomitmg, loss of weight, muscular twitching, and corneal mfections In 
order to ascertam whether these hypertensive and uremic manifestations were 
causally related to the high protem diet or whether they were coincidental, 
this animal was twice subjected to a repetition of the diets In the repeated 
experiments on this dog the blood pressure began to rise acutely when fed on a 
high protein diet When the associated uremic symptoms discussed above 
manifested themselves along with a concomitant rise m non-protem nitrogen 
the blood pressure began to fall toward the previous hypertensive level (Fig 3) 
The 24 hour urinary concentration test gave a specific gravity of 1 037 and 
3 plus albumen was present 


DISCUSSION 

In order to judge the significance of our experimental results it is necessary 
to analyze the mterrelationships which may exist between relative renal 
excretory msufficiency and renal ischemia 
In the normal animal under homeostatic conditions the amount of the 
excretory work performed by the kidneys is determmed by the excretory load 
placed upon them The load placed upon each nephron is a function of the 
concentration and type of metabolic products m the blood stream The 
amount of excretory work the kidney can accomphsh is Imuted by its oxygen 
supply since otherwise a progressively mcreasmg oxygen debt would be mcurred 
and this would of course have an upper limit 
Wfiien the blood flow to the kidney is limited, as m nephrosclerosis or partial 
occlusion of the mam renal artenes, an mcreased load on the kidney may 
result m relative renal excretory insufficiency or an increase m renal excretory 
activ ity sufficient to compensate for the added burden 

The steps involved under these two circumstances can be briefly summanzed 
With the presence of a decreased rate of blood flow through the kidneys, the 
blood non-protem nitrogen content as well as other renal excretory products 
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may rise and thus cause an increased load on the kidney If the work done 
by the kidney mcreases to meet this load but the blood flow cannot increase 
sufficiently to supply the kidney with an adequate amount of oxygen pressor 
products of renal intermediate metabolism can be released into the blood 
stream m sufficient concentration to cause a generalized mcrease in the systemic 
peripheral resistance An elevated blood pressure u ill follow This m turn 
will cause an increase m the pressure head driving blood through the kidney, 
thereby leading to an augmentation of the rate of blood flow and of the filtra 
tion pressure m the glomeruli This process would tend to reduce the level 
of the non protem nitrogenous products and other renal excretory substances 
m the blood to a mmmum In this way a mechanism may be postulated 
whereby renal excretory insufficiency may set up the conditions for renal 
ischemia 

Should the mcreased load fail to rouse the nephrons to sufficient effort little 
change in the metabolic processes of the kidney would occur The blood flow 
might remam adequate for the effort Hence no increase of renal mterraediale 
metabohtes would occur and renal hypertension would not ensue Despite 
the unchanged blood pressure the rising concentration of the non protein 
nitrogenous products of the blood would cause b> sunple physical means an 
mcreased elimination of these products through all the excretory organs of the 
body In such a manner, a purely physical equilibrium may be achieved and 
allow the existence of an individual for a period of tune in an advanced state 
of azotemia without hypertension 

Compensation for an inadequate renal function may m time also be aided 
bv the process of renal cellular hypertrophy and hyperplasia The mcrease 
m non protem nitrogenous products m the blood has been reported (10) to 
cause an increase m the volume of the renal parenchyma by a proliferation of 
the cellular elements without any change in the number of nephrons 

Obviously, the various processes described aboxe may occur m different 
degrees and combmations 

The experimental results ated m this report corroborate previous work m 
this laboratory which emphasizes that renal excretory msufficiency and renal 
ischemia are separate and distmct processes (14) In addition we suggest a 
mechanism by which these often concomitant processes may be mterrelated 

In only two of our ten dogs (W 77 and X 92) that showed signs of renal 
excretory insufficiency did the arterial pressure rise during the high protem 
diet In the other eight animals compensation for the increased madequacy 
of renal function took place either by physical means or by hypertrophy and 
hyperplasia 

Since both the systohc and diastolic blood pressure of norraotensue and 
hypertensive dogs may show spontaneous fluctuations even under the con 
trolled conditions which were maintained m these experiments, it is necessary 
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that minor changes m blood pressure be disregarded It is possible that the 
amount of change in blood pressure which vanous workers consider significant 
may be responsible for some of the discrepancies in the hterature (12, 13) 

Our results suggest that the elimination for therapeutic purposes of large 
amounts of protem from the diet of patients with hypertension and little or no 
renal damage is not generally mdicated Even m patients with hypertension 
and moderate or greater renal damage, ebmmation of protem from the diet is 
probably of httle value m the treatment of the elevated blood pressure, although 
it may be of value m the treatment of the concomitant azotemia 

SUMMARY 

The effect of high and low protein diets were studied on fourteen dogs m 
twenty-four different experiments In only two of these animals, both with 
moderate renal excretory failure, was a reversible rise in blood pressure elicited 
by a high protem diet 

The possible mechanisms involved m meeting an increased excretory load 
are discussed 

We are indebted to Mr R Asher and Miss L Fnedberg for their assistance in these 
expenments 
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Attempts have been made in the studies on pohomjehtis conducted in this 
laboratory in recent years, to recover \injs from autopsies, from patients, and 
from contacts In the earlier work efforts were concentrated on isolation of 
virus from cord and medulla of human autopsies and cerebrospmal fluid and 
nasal washmgs of patients Durmg the last 2 >ears other tissues, colon con 
tents, and unne of autopsies and stools of patients and contacts also have been 
studied The present report summarizes this work from the time of its begin 
nmg m July, 1934, to the close of last season, December, 1940 

Maimals and Methods 

Tissue — The tissues listed in Table I were collected from autopsies under aseptic 
conditions and preserved in sterile 50 per cent gl>cerol with buffered saline at 4‘’C 
They were prepared for injection by gnndmg in a stenle mortar then adding buffered 
saline to make a 10 per cent suspension The suspension nas centnfuged and 1 cc 
of the supernatant fluid was injected intracercbraUy and 3 cc. intrapentoncally 
usually into Macacus mulatta In a few mstances M trus was used and appeared 
to be just as susceptible as 31 mulatta 

Cerebrospinal Fluid — Several methods were employ ed in inoculating spinal fluids 
Individual fluids were injected into monkeys either by the intracerebral or intrathecal 
route, while a «iinultaneous intrapentoncal inoculation was made with fluids that 
were in excess In certain instances the fluids were pooled before injection Swiss 
mice also were injected with the same fluids m an attempt to recover other neurotropic 
viruses 

Nasal Tf askings — Na al washings were treated m the following several ways 
before injection 

1 Treated with 0 5 per cent phenol to destroy the bacteria following either 
centrifugation or vacuum distillation 

2 Filtered through Berkefeld V filters 

3 Placed m 50 per cent glycerol with sabne and kept m the ice box at 4®C for 
3 days 

* Aided by a grant from the National Foundation for Infantile Paralysis Inc. 
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Intracerebral and mtrapentoneal injections and intranasal instillations were 
performed 

Stools — Stools were treated for injection both by the ethenzation method of Trask, 
Vignec, and Paul (1) and by the intranasal instillation method of Howe and Bodian 
(2) A high mortahty rate followed intracerebral injections and these were dis- 
continued early in the work About half of the monkeys received both intranasal 


TABLE I 


1 

1 

Material inoculated I 

1 

First passage 

Second passage 

Number 
of indi 
viduals 

Number 

(>ositive 

Positive 

Number 

tested 

Number 

positive 

Positive 

1 



per cent 



per cent* 

Autopsy 







Spinal cord medulla 

72 

36 

so 

33 

24 

33 

Cerebral cortex 

21 

0 

0 

0 

— 

— 

Olfactory bulb 

11 

1 

10 

1 

0 

0 

Hypophysis 

5 

0 

0 

0 

— 

— 

Lymph node (mesenteric) 

14 

0 

0 

0 

— 

— 

Thymus 

1 

0 

0 

0 

— - 

— 

Pey er’s patch 

1 

0 

0 

0 

— 

— 

Liver-spleen 

3 

0 

0 

0 

— 

— 

Bile 

6 

0 

0 

0 

— 

— 

Colon contents 

19 

1 5 

26 

3 

2 

11 

Unne 

9 

0 

0 

0 

— 

— 

Tonsil adenoid 

6 

1 3 

SO 

2 

2 

33 

Living patient 







Cerebrospinal flmd 

134 

ot 

0 

0 


— 

Nasal n askings 

139 

o§ 

0 

0 


— 

Stool 

S3 

11 

20 

7 


13 

tJrme 

9 

0 

0 

0 


— 

Contact 







Stool 

19 

1 

s 

1 

B 

5 


* Per cent positive in second passage is based on the onginal number of attempted iso- 
lations 

I Questionable results in 1 case 
§ Questionable results in 3 cases 

and mtrapentoneal injections of the prepared stool matenal while the other half 
received intranasal instillations only The mtrapentoneal injections along with the 
mtranasal did not increase the number of isolations accomplished In fact, in the 
1940 senes 2 stools out of 16 that were injected by both methods were positive, while 
6 out of 21 receiving only the mtranasal instillation yielded virus 

Criteria for Reading Results — Positive symptoms and histopathology m both first 
and second passage animals fulfill the standard commonly accepted by workers in the 
field of experimental poliomyelitis, as indicating isolation of a virus A considerable 
number of workers, honever, especially in connection with the recent study of virus 
m the stools, report only one attempted passage Positive results in the first passage 
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only would indicate the presence of the -virus m the matenal tested but would not 
mean that virus had been recovered Monkeys showing weakne-s or paralysis -within 
6 weeks after inoculation have been termed positive In all questionable and m most 
of the clinicallv positive monkejs histopathologic confirmation has been obtained 
before a positive diagnosis was accepted 

FINDINGS AND DISCUSSION 

Occurrence of s>Tnptoinatic monkey's m both the first and second passages 
are included for comparison in Table I Results of subsequent passages are 
reserved for a future report 

In the first passage, positive fiDdmgs were obtained m 50 per cent of spinal 
cord medulla tissues, m 10 per cent of the olfactory bulbs, m 26 per cent of the 
colon contents, and in 50 per cent of the tonsil adenoid tissue tested from 
autopsies 20 per cent of stools from active cases and 5 per cent of stools from 
earners were positive 

Positive results in the second passages were obtained only with spmal cord 
medulla and tonsil adenoid tissue, from colon contents of autopsies, and from 
the stools of active cases and contacts Other tissues and excreta as listed m 
Table I were tested without success 

I MaHrxal from Autopsies — In the studies of autopsy material emphasis 
was placed on examination of cord medulla, bram cortex, olfactory bulbs, 
mesentenc lymph nodes, tonsil adenoid tissue, colon contents, and unne 
Occasionally other tissues were tested as fisted m Table I but all were negative 

Questionable results were procured m the case of one unne from an autopsy which 
has been omitted from the table The monkey used for the test had previously been 
moculated intranasally with stool from a patient bad remained asymptomatic for 
6 weeks and had been returned to stock Owing to a shortage of stock animals it 
was promptly reinoculated mtranasally with unne aseptically procured from a fatal 
case 9 day’s later it developed marked weakness of the nght leg and was sacnficed 
The cord was onl> suggestively positive microscopically and was not infective for a 
•second monkey Since the results arc questionable it is possible only to suggest that 
unne may at times contain virus 

Table H shows the results of attempts to recover virus from 22 autopsies 
from which both cord medulla and other tissues were tested In this senes, 
as judged by first passage results it wiU be seen that the cord medulla tissue 
was positive in 11 and negative mil In the autopsies m which the cord was 
positive, other materials, t e , tonsil adenoid tissue or colon contents were 
positive m 73 per cent while m the autopsies m which the cord was negaUve, all 
matenals, with the exception of the one olfactory bulb also were negative 

In cases m which two matenals were found to be positive from the same 
mdividual, the two strams of virus appear to produce similar symptomatology 
m monkeys 
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In the mam these findmgs are similar to those recently reported by Sabm and 
Ward (3) Their results do show motor cortex to have been positive while 
frontal and occipital cortex were negative The portions of cortex tested in 
this senes were taken from both frontal and motor areas' They report 
negative results with olfactory bulbs while one was positive m this series 
These combmed results mdicate that occurrence of virus m olfactory bulbs, 
at least m sufficient amount to produce pohomj ehtis m monkeys, is rare 
2 Material from Cases — Cei ebrospinal Fluid As the work progressed 134 
attempts were made to recover virus from spinal fluid of active cases All 
were negative, though m one mstance an mjected animal exhibited question- 


TABLE n 

Autopsies from Which Multiple Materials Were Tested 


Materials tested 

Cord positive 

Cord negative 

Positive 

Negative 

Positive 

Negative 

Cord-medulla 

11 ^ 


0 

11 

Cerebral cortex 

0 


0 

5 

Olfactory bulb j 

0 


1 

3 

Lymph node | 

0 


0 

5 

Thymus 

0 

1 

0 

0 

Hypophysis 

0 

3 

0 

2 

Peyer’s patch 

0 

0 

0 

1 

Liver spleen 

0 

3 

0 

0 

Bile 

0 

1 

0 

5 

Colon contents 

5 

3 

0 

11 

Urme 

0 

2 

0 

6 

Tonsil adenoid 

3 

1 

1 

0 

2 


able symptoms Sections from the cord, however, were negative so all at- 
tempts are reported as negative 

Nasal Washings Attempts also have been made to recover virus from nasal 
washmgs of patients These were ongmated with the aid of Dr Trask, Dr 
Paul, and Dr Webster, who were m Los Angeles dunng the early part of the 
pohomyehtis epidemic of 1934, at which time they succeeded m recovenng 
virus from the nasal washmgs of one case (Paul, Trask, and Webster (4)) Of 
139 attempts reported m this study, however, only 3 mjected animals exhibited 
suggestive symptomatologv and corroborative evidence was not presented by 
study of the tissues Hence, all attempts are reported as negative Such 
negative findmgs afford additional information with reference to the difficulty 
of detectmg virus m nasal washmgs 

Stools Of the 53 stools obtamed from active cases, 16 were exammed m 1939 
and 37 m 1940 The clmical type of disease of the patients, sex of the patients, 
and average age are showm m Table HI For comparison, the results of Trask, 















J F KESSEL, F J MOORE, F D STIMPEET, E T FISK 605 

Paul, and Vignec (5) have been included Our figures indicate no signiScant 
differences between the percentage of individuals positive in the paralytic and 
non paralytic types nor between the percentages of males and females who 
were positive Certam slight differences, however, are noted in the senes of 
Trash, Paul, and Vignec 

Graphs 1 and 2 show an analysis of the stools from cases and of the colon 
contents from autopsies tested for virus Graph 1 mdicates the results of 
stool tests with reference to the tune m the disease when they were collected 
and Graph 2 mdicates the ages of the cases 
It will be observed from the graphs (1) that all isolations of v irus from the 
stools or colon contents of patients and autopsies occurred within the first 3 


TABLE m 

Chntcal Type of Disease and Sex of Patienls U hose Stools Were Examined for \trustn First 4 
If eehs of Disease 


Clinical type 

j Sta 


I Pa alytic 1 

1 Non paralytic 

1 Male 

1 Fmale 


T P 

L At 

T P j 

L A 

T P 1 

L A 

T P 1 

L A 

Number of cases 

3S 

27 

15 

26 

32 1 

35 

21 I 

18 

Average age 

9 

16 

It 1 

13 

9 

14 

10 

20 

Number positive 

4 

6 

4 ' 

5 

6 

7 

2 I 

4 

Per ceat positive 1 

10 1 

22 

27 

19 

18 1 

mm 

wm 

22 


Trask Paul and Vignec 
f Los Angeles 


weeks after onset, (2) 40 per cent of the 35 patients under 15 years yielded virus 
whde only 8 per cent of the 38 patients above 15 years yielded virus 

These results compare favorably with those of Trask, Paul, and Vignec (5), 
who procured 10 positives out of 63 cases tested Howe and Bodian (6) report 
a much higher madence of isolations Sabm and Ward (3) also report a 
higher incidence of vnus m stools of children under 5 years than in their age 
group 8 to 28 The facts that Howe and Bodian’s cases were m the first decade 
of life and that most of the stools were examined m the first 2 weeks of the 
disease may be at least partially responsible for the high mcidence they 
procured 

Comparison of Stool Isolations nith Cord Medulla Isolations —While pre- 
panng the graphs of time and age distribution of cases whose stools were 
tested for virus it was thought that it might be of mterest to prepare sunilar 
graphs which show the occurrence of virus m autopsy cords by weeks, after 
onset of the disease, and also the age of the autopsy cases Graphs 3 and 4 
portray this analysis and the foUowmg comments are of interest 

(1) All isolations of virus were from cases that died withm 3 weeks after 
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onset (2) 55 per cent of attempted isolations m the 1st week and 56 per cent 
of attempted isolations m the 2nd week were positive, while only 14 per cent 
of the attempts in the 3rd week were positive (3) 71 per cent of 35 autopsies 
under 16 years yielded virus while 31 per cent of those 16 years and over 
yielded virus (4) 84 per cent of the 33 autopsies imder 16 years of age and 
whose deaths occurred withm 3 weeks after onset yielded virus This would 




Graph 1 Graph 2 

Graph 1 Recovery of virus from stools by weeks after onset 
Graph 2 Recovery of virus from stools, showing ages of patients 

appear to be a significant mcrease when compared with Table I which shows 
that only 50 per cent of all attempts were positive 

It wiU be observed that stnkmg parallels exist between attempts to recover 
virus from stools and from cord-medulla tissue of autopsies m so far as age of 
patients and time m the course of disease when isolations were attempted 
Two generalizations are mdicated 

(1) A higher percentage of isolations have been obtamed from children 
(below 16) than from adults 

(2) The earlier m the course of the disease that attempts are made to isolate 
virus the greater the chance for success 

Urine — ^Urme was collected from 7 cases who harbored virus m their stools 
All were negative for virus 
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3 Maienuljrom CoHtocts — Attempts nere made to recover virus from stools 
of intimate contacts m families where multiple cases occurred or of cases which 



Graph 3 Graph 4 

Graph 3 Recovery of virus from autopsy cords by weeks after onset 
Graph 4 Recovery of virus from autopsy cords shovt mg ages of patients 


suggested a possible contact history of speaal mterest Of 19 such contacts 
tested only one yielded virus 

The contact v.’as a physician m the admitting room of this hospital whose wife 
developed paralytic pohomyeUtis He developed a ver> severe headache during the 
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first days of her illness This was without temperature and rare for him Otherwise 
he was entirely well and had no symptoms referable to poliomyelitis About 2 weeks 
later he noted a bnef weakness in one foot while playing badminton We are inclined 
to attnbute the headache to worry and fatigue and the foot weakness to sport, but 
these must be matters of opinion It is only possible to speculate as to whether the 
earner transmitted the virus to the patient, whether he acquired the virus from the 
patient, or whether both patient and earner acquired it from a common source 

Table IV gives a tabulation of the results of Kramer, Gilham, and Molner 
(7), of Trask, Paul, and Vignec (5), and of this summary m testmg stools of 
contacts It is seen that m an institutional outbreak, Kramer et al , procured 
20 per cent positive results of the mdividuals tested while Trask et al , procured 
negative results from vaned sources In combming tests of all three surveys 
it IS seen that 8 per cent of the 60 mdividuals exammed harbored virus 

TABLE IV 


Stools from Contacts Tested for Virus 



Number positive 

Number nesative 

Kramer et al 

4 

16 

Trask et al 

0 

36 

Kessel et al 

1 

18 

Total 

s 

60 


Per cent positive 8 


Repeat Stools — Second and third stools were collected from 1 to 3 months 
apart from 5 patients and one contact whose first stools exammed contamed 
virus 16 such stools were tested, only the first one from each patient bemg 
recorded m Table I All these repeat stools from patients were negative A 
positive stool, however, was obtamed from the contact 2 months after the first 
positive but a stool exammed 3 months after the first positive yielded no virus 
These observations afford corroborative epidemiologic evidence with reference 
to the dissemmation of poliomyelitis virus in the stools of earners 

SUMMARY 

1 Pohomyelitis virus has been recovered m monkeys from 50 per cent of 
spmal cords, 10 per cent of olfactory bulbs, 50 per cent of tonsil-adenoid tissue, 
and from 26 per cent of the colon contents of autopsies, from the stools of 20 
per cent of patients, and of 5 per cent of the contacts exammed in this senes 

2 Other materials as mdicated m Table I were tested without success 

3 In autopsies with positive cords, tonsil-adenoid tissues, or colon contents 
were positive m 73 per cent 

4 22 per cent of stools from patients with paralysis yielded virus and 19 
per cent of the stools from patients wnthout paralysis yielded virus 
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5 20 per cent of the stools from males and 22 per cent of the stools from 
females yielded virus 

6 40 per cent of 35 stools from patients under 16 years yielded virus while 
8 per cent of 38 stools from patients above the age of 15 yielded virus 

7 71 per cent of the cords of 35 autopsies under 16 years yielded virus 
^hile 31 per cent 16 years and over yielded virus 

8 Repeat stools from 5 positive cases, 1 month after the first positive stool, 
were negative The stool of one contact was positive the 2nd month after 
first reco\ ery but was negative the 3rd month 
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THE BACTERICmAL ACTION OF SYNTHETIC DETERGENTS 
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In previous papers VrC have studied the action of synthetic detergents on the 
metabohsm of bacteria (1, 2) By systematic mvestigation of the effects of 
some twenty cationic and anionic detergents on sit Gram positive and six 
Gram negative microorganisms it was possible to derive certam generalizations 
between the type and structure of the detergents and their action on bacterial 
metabohsm Some of these relationships could be inferred from other earlier 
studies,^ many of which were on the bactericidal or bacteriostatic properties of 
a single detergent, but only by a detailed study of a vanety of compounds could 
the general formulations be obtained In the present paper the systematic 
study IS extended to germicidal properties of synthetic detergents The con 
centrations of detergents and the numbers of microorganisms are similar to 
those employed m the previous studies, thereby permittmg a correlation be 
tween bactericidal properties and effects on bactenal metabolism 

EXPERIMENTAL 

The following bactena i\ere used in these studies Gram positive -—Staphylococcus 
aureus Staphylococcus albus, and oral strains of lactobaciHus and streptococcus 
(probably Slrepiococats saliianus)^ Gram negative — Proteus vulgans Eschenchta 
coli and Eherlhella typln The bactena were grown for 14 hours as previously 
desenbed (2) centrifuged washed, and suspended m distilled water The suspen 
sions were diluted to provide a final concentration of 10 billion microorganisms 
per cc 

The detergents studied are listed m Table I They are classified as cationic or 
anionic accordmg to the location of the long-chain, h> drophobic group in the cationic 


^ The reader is referred to the paper by Baker Hamson, and Miller (2) for a 
relatively complete bibliography of the biological applications of synthetic detergents 
In addition the recent papers by Kuhn and oiworkers (3-8) should be consulted 
’ This value necessarily mcludes some non viable bactena since the number of 
cells was estimated by means of a Pelroff Hausser counting chamber 
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or aniomc portion of the molecule The compounds employed m these studies 
IS ere chosen to provide as much vanety m chemical structure as possible in order 
to obtam additional information concerning the relationship between chemical 
structure and biological activity They were dissolved in distilled svater and neutral- 
ized to pH 7 In order to obtain results directly comparable with the metabolism 


TABLE I 

Composilton of the Detergents 


Type 

Trade name 

Structure 

1 

j 

Cationic 

Zephiran 

Phemerol 

Retarder LA 

Emulsol-605 

Catol 

Emulsol-607 

Etnulsol 660 B 

Damol 

Ennulsol-609 

Mixture of alkyl dimethyl benzyl ammonium 
chlorides (alkyl =« Cj to Cis) 

Alkyl dimethyl benzyl ammomum chlonde 
(alkyl = para-tertiary-octyl phenyl diethoxy) 
Stearyl tnmethyl ammonium bromide 

CiiHij— COO— C.Hi— NH— CO— CH — 
N(CH,)5C1 

CiiHij— COO— C jH 4— NH— CO— CHj— 
N(C»H5)aCl 

CiiHaa— COO-CaH^-NH-CO-CHn— N 

\ 

Cl 

Lauryl pyndmium iodide 

N N N' N'-tetramethyl-N-N'-didodecyl-beta- 
hydroxy-propylene diammomum bromide 
Lauryl ester of alpha ammo isobutync acid 
hydrochloride 


Cetyl sulfate 

Sodium cetyl sulfate (Cu) 


Sodium mynstyl sulfate 

Sodium mynstyl sulfate (Ch) 


Duponol LS 

Sodium oleyl sulfate (Cis) 


Tergitol-8 

Sodium alkyl sulfate (alkyl denved from 2-ethyl 
hexanol-1) (Cs) 

Anionic 

Tnton W-30 

Sodium salt of alkyl phenoxy ethyl sulfonate 


Igepon T 

Alkyl— CO— N(CH j)— c;H 4 — SOjNa 


Tergitol-7 

Sodium alkyl sulfate (alkyl denved from 3,9 
diethyl tndecanol-d) (Cn) 


Tergitol-4 

Sodium alkyl sulfate (alkyl denved from 2, 
methyl-7, ethyl undecanol-4) (Cu) 


./j. 


1 

mi 


lously reported, the experiments ssere set up in the following manner 
"’^ent solution svas added to 1 8 cc of u/lS phosphate buffer (pH 7), 
■gh glucose t'^ -oduce a final concentration of 0 02 m The tubes 


■ssater bat! 
suspensiOi 
withdt%* 


until the temperature of the bath svas reached 
added After intervals of 10 minutes and 90 
letted into 5 cc of veal infusion broth ® A 


with f’’ 


streptococa, the veal infusion broth con- 
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second transfer of 0 1 cc. ^ras made from the first tube of veal infusion broth into 
another tube containing 5 cc of culture medium to eliminate bactenostatic action * 
The tubes were incubated at 37°C and examined for growth after 24 and 48 hours 
(or 72 hours for slowly groi\ing organisms like lactobaciUi and streptococa) It 
should be noted that the number of bactena emplojed m our tests is probablj at 
least ten times the number subjected to the germicides m the standard phenol co 
cfEaent determination Moreover m the latter technique only a loopful of bactena 
IS earned over from the medication tube into the broth culture tube whereas in our 
tests 0 1 cc transfers were cmploj ed routmely 

RESULTS 

Results obtained after exposure of the vanous organisms for 10 and 90 
mmutes to the detergents at concentrations of 1 1000, 1 3000, 1 6000, and 
1 30 000 and at pH 7 are listed m Tables II to VlU The data given were 
obtained by noting the presence or absence of growth in the second transfer 
tube or broth medium, these results therefore represent haclcrtctdal action A 
plus or minus sign is used to indicate the presence or absence of growth Each 
plus or irunus sign represents the results of at least two separate experiments 
Some variations were observed When the results were inconclusive m three 
or more experiments this fact is indicated by a question mark 

Gram Positive Microorganisms — The results obtained m the tests with 
streptococcus, lactobacillus, Staphylococcus aureus, and Staphylococcus albtts 
aVe given in Tables JI to V It is apparent that the cationic detergents are 
much more effective than the amonic detergents AH the cationic detergents 
except Emulsol-609 gave complete sterilization in 10 mmutes agamst these four 
Gram positive organisms at the 1 1000 and 1 3000 dilutions At 1 6000 
dilution most of the cationic detergents were still able to give complete killuig 
in 10 minutes At 1 30,000 concentration there was a sharp diminution m 
complete kilhng effects Only Zephiran and Phemerol were capable of killing 
in 10 mmutes at this concentration, and the effects of these compounds were 
not consistent for the four organisms In the 90 mmute penod of exposure 
both of these compounds consistently killed the four species of Gram positive 
organisms Even with the longer period of exposure, only three of the other 
compounds gave complete sterihzation at 1 30,000, t e , Retarder LA with 
lactobacillus and Staphylococcus aureus, Damol with lactobacillus and Einul 
sol 609 with Staphylococcus albus 

* The highest concentration of detergent in the second transfer tubes prepared in 
this manner is 1 2 500 000, a 50-fold dilution is made from the medicaUon tube to 
the first transfer tube and again from the first to the second transfer tube thus 
givmg an overall dilution of 2500 times that m the ongmal medication tube Expen 
ments which we have performed demonstrate that a concentration of 1 2 500 000 
is definitely beyond the bactenostatic range of the compounds studied, in almost all 
mstances the bactenostatic concentration was considerably below 1 1 000 000 
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Of the anionic detergents studied, it is apparent that Tergitol-7 is the most 
active, and it is the only one whose activity compares reasonably well with 
the catiomc detergents agamst streptococcus and lactobaciUus Ag ains t both 

TABLE VI 


Growth of Proteus vulgans after Exposure to Detergents 


Type 

Detergent 

Time of exposure 

to mm 

90 mm 

Concentration of detergent 

1 1000 




IB 


1 6000 

1 30,000 


Zephiran 

— 

— 

? 

+ 

_ 

— 


-1- 


Phemerol 

— 

— 

+ 

+ 

— 

— 


+ 


Retarder LA 

+ 

+ 

+ 

+ 

— 

— 


+ 


Emulsol-60S 

H 

— 

+ 


— 

— 



Catiomc 

Catol 

H 

— 

+ 

+ 

— 

— 


+ 


Emulsol-607 

H 

-1- 

+ 

-1- 

— 

— 

+ 



Emulsol-660 B 

H 

? 

+ 

+ 

— 

— 

4- 

+ 


Damol 

? 

? 

+ 

d- 

— 

— 

+ 

4- 


Emulsol 609 


+ 

+ 

+ 

+ 

+ 

+ 

+ 


TABLE Vn 

Growth of Escherichia coh after Exposure to Detergents 


Type 

Detergent 

Time of exposure 


10 mm 



90 mm 


Concentration of Detergent 




log 

1 1000 



1 30 000 


Zephiran 

— 

— 

— 

+ 



— 

4- 


Phemerol 

— 

— 

— 

4- 

— 

? 

— 

4- 


Retarder LA 

— 

"h 

4- 


— 

— 

? 

4- 


Emulsol 60S 

— 

— 

— 

4- 

— 

— 

— 

4" 

Catiomc 

Catol 

— 

— 

— 

4- 


— 

— 

4- 


Emulsol 607 

— 

— 

— 

4- 

— 

— 

— 

4- 


Emulsol 660 B 

— 

? 


4- 

— 

— 

— 

4- 


Damol 

— 

— 

— 

4- 

— 

— 

— 

4- 


Emulsol 609 

4- 

4- 

4- 

+ 

*- 

? 

4- 

4- 


strains of staphylococcus Tergitol-7 is the only anionic detergent which shows 
some effect, but its activity is decidedly infenor to the catiomc compounds 
agamst the staphylococci 

Gram-Negative Microorganisms — ^The results of tests upon three Gram- 
negative orgamsms are given m Tables VI to Vlli Only the results with the 
cationic detergents are tabulated because none of the anionic detergents was 
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cfedtve against any of the three species of Gram negative organisms exen at the 
highest concentration studied ‘ 

The catiomc detergents are somewhat less effective against these Gram 
negative organisms than against the Gram positive ones The action on E 
coh and Eb typhi was greater than upon Proteus vulgaris A few of the com 
pounds, e g , Emulsol 609 and Retarder LA, had v eiy little effect on P vulgans 
No compound lulled any of the species at 1 30000 dilution even after 90 
minutes exposure, at 1 6000 dilution and 90 mmutes mcubation, Zephiran, 
EmulBol-605, and Phemerol were the onlj ones effective against all three 

TABLE vm 


Crouth of Eberlheila tyPt ajier Exposure to Detergents 


Type 

j 

i 

Detergeat 1 

1 Tim« oi erposare 


10 min 

1 

1 

90 mlo 


1 Coacntntion of detergent 

t 1000 

1 JOOO 

1 6000 1 

1 30 000 

1 lOOO 1 

1 3000 1 

1 6000 

1 30 000 


Zephiran 

- 

- 

- i 

+ 

- 1 

- ■ 

- 

+ 


Phemerol 

— 

— 

+ 

+ 

— 

— 

— 

+ 


Retarder LA 

— 

— 

+ j 

+ 

— 

— . 

— 

+ 


Emulsol 605 

- 

- 


+ 

- 

- , 

- 

+ 

Cattoiuc 

Catol 

— 

— 

— ! 

+ 

— 

— 

— 

+ 


Eavbol-607 

— 

— 

— 

+ 

— 

— 

+ 

+ 


Emulsol-660 B 

— 

+ 

+ 

+ 

— 

- 

— 

+ 


Damol 

— 

— 

— 

+ 


— 

— 

+ 


Emulsol-609 

+ 

+ 

+ 

+ 

- 

— 

— 

+ 


species Several of the others were effective against E colt and Eb typht but 
not against P vulgans sX I 6000 with the 10 mmute period of exposure 

DISCUSSION 

Our previous experiments showed that all the cationic detergents observed 
inhibit the respiration or and production of the Gram positive and negative 

‘ Dr R J Dubos has recently reported (9) a difference in activity between the 
amonic and cationic detergents toward the Gram positive and Gram negaUve speaes 
when tested with detergents and wetung agents and has suggested that if this dif 
ference exemplifies a general law ‘ it may serve as a useful tool for the study of some 
points of bactenal structure and give unportant clues concemmg the factors which 
render Gram negaUve organisms resistant to so many agents which are toxic to the 
Gram positive 

It would appear from the good agreement between the results of Dubos el at and 
the work reported m our own paper that the general law" govenung the action of the 
detergents has been reasonably well established 
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microorganisms mcluded m the present study® The inhibition was always 
complete at a concentration of 1 3000, and usually at 1 30,000 At higher 
dilutions, e g , 1 60,000, these complete inhibitions have been observed less 
frequently (unpublished experiments) When complete inhibition is obtained 
with the detergents the action is very rapid, usually respiration and glycolysis 
have ceased almost entirely at the time of the first manometric readmg (15 
mmutes after the addition of the detergent) The present studies on the 
bactericidal action of the detergents have been conducted m precisely the same 
manner as those on bacterial metabolism with the exception that m some 
mstances fewer organisms have been employed On the average, however, 
the results are directly comparable ^ With the Gram-positive organisms there 
appears to be a fairly good correlation between the bactericidal action and the 
inhibition of bacterial metabohsm In most mstances, in the 10 nunute period 
of exposure, the cationic detergents kill all the organisms at a concentration 
between 1 6000 and 1 30,000 With the Gram-negative organisms the 
correlation is less marked, kilhng was not observed at 1 30,000 even though 
this concentration is sufiicient to exert a very marked inhibition of the metab- 
ohsm of many Gram-negative species ® 

It IS true that there are instances in our results where no correlation at all 
can be observed between effect on metabohsm and germicidal action of certam 
compounds For example, Retarder LA was unable to kill Protem mlgans in 
10 mmutes at 1 1000 concentration, yet it inhibits the respuration of this organ- 

® In our previous study we did not report results obtamed with the following six 
comjxiunds included in the present study Phemerol, Catol, Emulsol-607, Emukol- 
609, and Tergitols- 8 and 4 The structural formulas of these compounds are indi- 
cated in Table I It may be noted bnefly from unpubhshed expenments that the first 
four compounds, all cationic, are effective inhibitors of the metabohsm of Gram- 
positive and Gram-negative microorganisms at a concentration of 1 3000, and some 
are equally effective at 1 30,000 Tergitol-8 is relatively inactive, and Tergitol-4 
falls m the same range of activity as cetyl sulfate, shoving considerable variations 
in its mhibitory action 

’ Unfortunately, determination of kilhng power, based on cell viability after 
transfer to broth provides indications only of an all-or-none reaction As many as 
90 per cent of the organisms may have been killed after 10 or 90 mmutes exposure to 
the detergent, yet given a long enough time, the grovth will be as great as in the 
control tube Therefore, data obtained in this manner cannot be as quantitatively 
exact as those obtained in the metabolism studies 

®As shown m the accompanymg paper the antibacterial effects of both cationic 
and anionic detergents can be inhibited by appropnate concentrations of phospho- 
hpids It IS conceivable that the complete absence of bactenadal action of anionic 
detergents and the dimmished activity of cationic detergents on Gram-negative 
orgamsms, may be related to differences m content, type, or cellular arrangement of 
phosphohpids in Gram-negative as compared with Gram-positive species 
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ism 85 per cent at concentrations of 1 3000 and 1 30,000 Similarly, the non 
quaternary mtrogen type of cationic detergent, Emulsol 609, which had been 
shown previously to inhibit the respiration of Proteus vulgaris very markedly, 
did not exhibit any effective germicidal action against this organism In 
general, however, the correlation of effectiveness against bacterial metabolism 
and the bactericidal properties in the detergent group of compounds seems to 
be good enough to permit the assumption that the general relations found 
previously can be applied to the bactencidai effects with some degree of vahd 
ity This would mean that as a class the cationic detergents should be more 
effective germicides at neutrahty and slightly alkalme pH than on the acid 
side, and that the anionic detergents will behave m the opposite manner ’ It 
can be predicted that the bactericidal activity of both types of detergents will 
be dependent on optimal lengths of the alkyl chain m the molecule 

Certam relationships appear to exist between chermcal configuration of the 
detergents and them bactericidal properties Zephiran and Phemerol were 
somew hat superior to all the other compounds tested The former is a mixture 
of alkyl dimethyl benzyl ammonium chlondes in which the alkyl groups vary 
from Ca to Cia, and the latter compound is an alkyl dimethyl benzyl ammonium 
chloride in which the alkyl group is para tertiary octyl phenyl-diethoxy The 
alkyl portions of these two compounds differ markedly, yet they resemble each 
other in possessing a benzyl group attached to the quaternary mtrogen The 
other seven cationic detergents studied do not contain a benzyl group It 
seems reasonable to assume that the mtroduction of the benzyl group m 
Zephiran and Phemerol has enhanced their bactenadal properties 

The substitution of ethyl groups for methyl groups on the quaternary nitro- 
gen appears to make little difference smee Catol (alkyl triethyl ammonium 
chloride) and Emulsol 605 (alkyl trunethyl ammomum chloride) were equally 
effective The presence of a quaternary nitrogen m a rmg structure, e g , 
pyndmium nitrogen m lauryl pjTiduiium iodide (Emulsol 660 B) and alkyl 
pyridmium chloride (Emulsol 607), does not increase bactencidai properties 
above those exhibited by acyclic quaternary nitrogen compounds 

In the group of anionic detergents molecular configuration plays an important 
r61e It was shown that Tergitol 7, and to a lesser extent Tergitol-4, exerted 
considerable bactencidai properties Both these compounds are derived from 
branched cham, secondary alcohols and therefore differ markedly from the 
other anionic detergents which are denved from straight-cham, primary 
alcohols The alkyl group m Tergitol 7, for example, is denved from 3, 9 
diethyl tridecanol-6 It is mteresting to note the great differences exhibited 
by Tergitol 7 withm the class of Gram positive organisms Agamst lacto- 

• Gershenfeld and Peristem (10) have shown recently that the anionic detergent 
Aerosol OT, exerts a considerable bactenadal effect agamst stapbjlococa at and 
pH values 



620 


BACTERICIDAL ACTION OF S'SNTHETIC DETERGENTS 


bacillus it has an unusually good germicidal action, especially when one 
considers that the pH employed is not the optimum for the amonic type of 
detergents Against the streptococcus, it is somewhat less effective but still 
quite powerful, whereas agamst staphylococcus it showed only shght kilhng 
effect At lower pH’s it wiU undoubtedly be found to exert a quite marked 
activity against even the staphylococcus However, it is mterestmg to fin d 
m these studies the same effect that has often been observed with ordmary 
soaps, t e , diminished bacteriadal activity toward the staphylococcus as 
compared with other Gram-positive organisms It is of mterest to note, 
however, that m our previous study we found that Tergitol-7 inhibited the 
metabolism of the staphylococcus as completely as that of other Gram-positive 
microorganisms 


SUMMARY 

1 The bactencidal action of a number of amomc and catiomc synthetic 
detergents on four Gram-positive and three Gram-negative bacteria has been 
mvestigated 

2 Catiomc detergents, as a group, were foimd to exhibit marked bactericidal 
effects on Gram-positive microorgamsms and somewhat less pronounced action 
on Gram-negative organisms 

3 The amomc detergents were germicidal only agamst the Gram-positive 
organisms, and they were considerably less effective than the catiomc com- 
pounds Of the amonic detergents, the most active one was an alkyl sulfate 
derived from a branched-cham, secondary alcohol 

4 Correlations between bactericidal action and inhibition of bacterial 
metabolism, and also between bactericidal action and chemical structure of the 
detergents are discussed 
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{From the Waller G ZoUer Memorial Dental Cltnxc the Deparlment of Bacteriology and 
Parasitology and the Deparlment of Medtctne The University 
of Chicago, Chicago) 
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Certain of the synthetic detergents exert a marked inhibitory effect on the 
metabolism (1) and viability (2) of bacteria The germicidal action of these 
compounds and other biological effects have been studied by numerous m 
vestigators ^ 

Various explanations have been proposed for the action of these compounds on 
bacteria, but none of these has been proved expenmen tally Kuhn and Bielig (3) 
have suggested recently that germicidal concentrations of some detergents correspond 
rather doscly with the concentrations necessaiy to effect denaturation of proteins 
Hoxrevcr, the rchtneactivit} ol the detergents ui protem denaturstiort as reported 
by Anson (4) does not correspond with the effects which we have observed on bacterial 
metabolism and viability Furthennore anionic detergents which denature proteins 
readil) are highly selective in their action on bacteria These compounds mhibit only 
Gram positive microorganisms ‘ Obviously one or more factors besides denatura 
tion of proteins must mfluence the activity of the anionic detergents Possibly m the 
organized cell there is the additional factor of interaction between the detergents and 
the lipoid constituents of the cellubr membrane 

The rMe of lipoids in the membrane of cells has received considerable attention 
It has been suggested that the protoplasmic membrane consists of a contmuous lipoid 
structure (5) a hpoprotem mosaic (6) or a layer of hpoid molecules between adsorbed 
protein layers (7-9) The exact nature of the lipoid constituent is not known How 
ever, Bungenherg de Jong and Bonner (10) have suggested as a working hypothesis 
that ‘ the speaal properties of the protoplasmic membrane depend upon one or more 
la> ers of onented phosphatide ions 

A number of studies on the action of phospholipids on cells have been made These 
o^mpounds have been reported to weaken the antiseptic action of mercuric chloride 
phenol and salvarsan on anthrax bacilli (11) and to inhibit the action of staphylococ 
cus bactenophage (12 13) and of various bacterial lysins and toxms (14-18) A 


^ See reference 1 for bibhography 
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number of worliers (19-22) bebeve that cytolysis and hemolysis by saponms are 
reduced by phosphatides 

Smce the detergents are known to be highly surface-active, and their initial 
effect, m all probabihty, is to disorganize the cell membrane, it was of mterest 
to detenmne the influence of added phospholipids on the mhibitory and germi- 
cidal action of detergents As shown later, it appears that certam surface- 
active compounds such as the phospholipids can modify the activity of deter- 
gents very markedly 


Methods 

Bacterial Metabolism — AH experiments were conducted m Warburg manometers 
as previously descnbed (1) The bacterial suspensions were prepared from bacteria 
grown on veal mfusion agar Lactobacillus was grown m 1 per cent glucose-meat 
mfusion broth Respiration and glycolysis experiments were conducted in phosphate 
and bicarbonate buffers, respectively, contammg glucose The phosphohpids were 
added directly to the bactenal suspension m the vessel, the detergents were pipetted 
mto the side bulb and added at the start of the experiment unless otherwise speafied 

Bactericidal Action — The bactencidal potency of the detergents was determmed 
under precisely the same experimental conditions as were employed m the studies on 
bactenal metabohsm This makes possible direct coropanson between these two 
phenomena The bactenal suspension was diluted so as to contam 10 biUion cells 
per cc , 1 0 cc of this suspension was added to 1 8 cc of phosphate buffer, (pH 7 0), 
and 0 1 cc of phosphohpid solution Controls were made up m the same manner 
without phosphohpid The tubes were placed m a water bath at 38°, 0 2 cc of deter- 
gent solution, suffiaent to provide the desired final concentration, was then added 
After 1 hour, 0 1 cc of this mixture was pipetted into 5 cc of veal mfusion broth 
(contammg 0 2 per cent glucose for lactobacillus experiments) A second transfer of 
0 1 cc was made from the first tube of veal mfusion broth to ehmmate the possibility 
of bactenostatic action The tubes were exammed for growth after 48 or 72 hours 
Only data on the second subculture tubes are recorded 

Detergents — The detergents used have been descnbed m previous publications (1, 2) 
and are referred to here as cationic or anionic, depending on whether the long-cham, 
hydrophobic group is m the cation or anion A few experiments were performed with 
an unionized detergent The compounds were dissolved m water and neutralized to 
pH 7 0 

Phospholipids — Phosphohpids from various sources were used for these expen- 
ments We wish to express our mdebtedness to the foUoivmg mdividuals and com- 
panies for supplying purified preparations of these compounds soy-bean lecithm, 
(Emulsol Corporation) , so 3 ’’-bean leathm and cephalm, the latter purified through the 
cadmium salt (Dr Percy Juhan, Ghdden Company), beef heart lecithm and egg 
leathm from Dr Mary C Pangbom, as prepared bv her improved technique (23) , 
bram cephalm and sphmgomyehn from Dr H N Chnstiansen, descnbed m (24), 
bram cephahn (phosphatidyl serme) from Dr Jordi Folch (25) Aqueous suspensions 
of the phosphohpids were prepared and dduted as desired 
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RESULTS ON BACTERIAL iCCTABOLISU 
Effect of Soy Bean Lecithin 

Most of our first experiments were performed with a purified preparation of 
soy bean lecithin (obtained from Kmulsol Corporation) which also contamed 
some cephalm Upon addition of this lecithm to a suspension of bacteria it 
was found that the usual inhibition of bacterial metabolism by detergents did 
not occur To produce inhibition in the presence of lecithm considerably 
higher concentrations of detergents were required These results were ob 
tamed uith both Gram positive and Gram negative microorganisms, and with 
cationic and aniomc detergents (Tables I and II) Thus, m Experiment 1 of 
Table I on aerobic acid production b> lactobacilJus, 0 1 mg Zephiran inhibited 
100 per cent, on the addition of 3 0 mg lecithm, no inhibition was observed 
Similarly, 0 1 mg Emulsol 660 B and 0 1 mg Emulsol-609 inhibited 43 and 
91 per cent, respectively, m the presence of lecithm, there was no mhibition 
As shoiMi also m Table I, the same type of results was obtained with Mtero 
coccus telragenus (Experiment 2) The inhibitory effect of 2l^phiran on the 
anaerobic acid production of Staphylococcus aureus was also prevented by 
lecithin (Experiment 3) 

Experiments 4 and 5 demonstrate that lecithm prevents the inhibitory action 
of cationic detergents on the respiration of the Gram positive orgamsms, 
Staphylococcus aurem and Sarcxna lutea Experunents 6 and 7 demonstrate a 
similar action on the respiration of the Gram negative microorganisms, Proteus 
vulgaris and Escherichia colt 

The three cationic detergents were chosen to provide a wide variation m 
chemical structure Zephiran (alkyl dimethyl benzyl ammonium chloride) 
represents the acyclic quaternary mtrogen type, Emulsol-660 B (lauryl pyri 
dmium iodide), the cyclic quaternary mtrogen type, and Emulsol-fi09 (lauryl 
ester of alpha ammo isobutync acid hydrochloride), the non quaternary 
nitrogen type of cationic detergent All of these detergents were influenced 
to the same degree by lecithin 

The experiments m Table II show that lecithm can also prevent the m 
hibitory action of the anionic detergents Only the Gram positive micro- 
organisms, Staphylococcus aureus and lactobaciUus, are mcluded in this table 
smee previous studies demonstrated that the anionic detergents inhibit the 
metabolism of Gram positive organisms only It can be seen from Table H 
that the inhibitory action of the aniomc detergents, Tergitol 7, cetyl sulfate, 
Duponol LS, and Tnton W 30, is largely prevented by 3 0 mg of lecithm 
When the concentration of Tergitol 7 was increased to 0 5 mg , this concentra 
tion of lecithin was suflacient to protect Staphylococcus aureus, but not 
lactobaciUus 

It can be seen from Tables I and H (and subsequent tables) that m a number 
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of instances, stimulaHon of acid production or respiration occurred in control 
experiments with lecithm In general, this is a genume stimulation For 
example, m the experiments on acid production by lactobacillus, analysis 

TABLE I 


Effect of Soy-Bean Lecithin on Inhibition of Bacterial Metabolism by Cationic Detergents 


Experi- 

ment 

Bacteria 

Detergent 

Concentra- 
tion of 
detergent 

Concentra 
tion of 
lecithin 

Inhibition* 




mg /J cc 

mg /J cc 

Per cent 

1 

LactobaciUust 

Zephiran 

0 

3 0 

+9 




0 1 

0 

-100 




0 1 

3 0 

0 



Emulsol-660 B 

0 

3 0 

+5 




0 1 

0 

-43 




0 1 

3 0 

+5 



Eiiiulsol-609 

0 

3 0 

+5 




0 1 

0 

-91 




0 1 

3 0 

0 

2 

Micrococcus 

Zephiran 

0 

3 0 

+3 


tetragenusX 


0 1 

0 

-89 




0 1 

3 0 

+5 



Emulsol 660 B 

0 

3 0 

+3 




0 1 

0 

-83 




0 1 

3 0 

-2 

3 

Staphylococcus 

Zephiran 

0 

3 0 

+36 


aureus^ 


0 1 

0 

-85 




0 1 

3 0 

+8 

4 

Staphylococcus 

Zephiran 

0 

3 0 

+45 


a«rej«|| 


mSm 

0 

-81 





3 0 

+40 




0 05 

0 3 

+32 




0 05 

0 1 

-30 




0 05 

0 05 

-48 


1 

Emulsol 660 B 

0 

3 0 

+48 




0 1 

0 

-86 




0 1 

3 0 

+46 



Emulsol 609 

0 

3 0 

+48 




0 2 

0 

-85 




0 2 

3 0 

+41 
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Eipen 

mctii 


Dcterceot 

ConccDtn 
tIon of 
determent 

Concentra 
tion of 
lecithm 

Inhibition 




ms /J (f 

W//JCC 


S 

Scrctna tu/ea^ 

Zepiunm 

0 

3 0 

+65 




0 1 

0 

-85 




0 1 

3 0 

+112 



Emqlsol-<S60 B 

0 

3 0 

+65 




0 1 

0 

-71 




0 1 

3 0 

+114 



EmuIsol-^09 

0 

3 0 

+65 




0 2 

0 

-85 




0 2 

30 

+119 

6 

Proteus tnJgansjj 

2cpbinm 

0 

0 3 

+14 




0 05 

0 

-41 




0 05 

0 3 

+18 

7 

Esckmchta coli\\ 

Zepluran 

0 

3 0 

+13 




0 05 

0 

-93 




0 05 

3 0 

+13 



£mulsol-660 B 

0 

3 0 

+33 




0 1 

0 

-88 




0 

3 0 

-6 



Emulsol 609 

0 

3 0 

+13 




0 2 

0 

-84 

1 

I 


0 2 

3 0 

-2 


• Minus signs represent mhibiUon plus signs represent stimulation 
t Aerobic glycoljsis 
5 Anaerobic glycolysis 
[[ Respiration 

showed that the increase m aad, indicated by manometnc readings, was 
accounted for by increased glucose utilization and increased lactic acidproduc 
tion, (the latter estimated by the method of Miller and Muntz (26)), no acid 
was produced from lecithm by bacterial action Although this effect has been 
observed with highly purified preparations it is impossible at present to say 
with certamty whether the stimulation is caused by the phosphohpid or traces 
of catalytic impunty In a few cases m which glucose estimations were made 
m respiration experiments however, a “sparmg" action was observed m the 
presence of lecithin, * e , less glucose was used than in the control vessel Pre 
sumably oxidation of lecithm accounted for the extra oxygen uptake 
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Other Phospholipids 

Essentially the same results as those presented in Tables I and 11 were 
obtamed with other phosphohpids studied The most active compounds were 

TABLE n 


Effect of Soy-Bean Lecithin on Inhibition of Bacterial Metabolism by Anionic Detergents 


Bacteria 

Detergent 

Concentration 
of detergent 

Concentration 
of lecithin 

Inhibition* 



ms /i cc 

mg /J cc 

per cent 

Staphylococcus 

Tergitol-7 

0 

3 0 

-1-26 

aureitsX 


0 3 

0 




0 3 

3 0 

-5 



0 5 

0 

-88 



0 5 

3 0 

-1-25 

Lactobacillus§ 

Tergitol-7 

0 

3 0 

-1-79 



0 2 

0 

-94 



0 3 

0 

-91 



0 5 

0 

-96 



0 2 

3 0 

-1-63 



0 3 

3 0 

-f27 



0 5 

3 0 

-81 


Cetyl sulfate 

0 

3 0 

-f60 



0 1 

0 

-94 



0 2 

0 

-94 



0 1 

3 0 

-1-42 



0 2 

3 0 

+48 

1 

Duponol LS 

0 

3 0 

+60 



0 1 

0 

-36 



0 2 

0 

-79 



0 1 

3 0 

+52 



0 2 

3 0 

+46 


Tnton W-30 

0 

3 0 

+60 



0 2 

0 

-84 



0 2 

3 0 

+38 


* Minus signs represent inhibition, plus signs represent stimulation 
t Respiration 
§ Anaerobic glycolysis 


cephahns and soy-bean lecithm Some typical results with Zephiran are 
reproduced m Table m Similar results have been obtained with other 
detergents The data m this table mdicate that the phosphohpids are effective 
at very low concentrations Thus, m several instances, 0 15 mg of cephahn or 
lecithm (approximately m/20,000) was sufficient to reduce considerably the 
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inhibitory action of 0 05 mg of Zephiran In some cases as little as 0 05 mg 
phospholipid reduced the inhibition 

TABLE m 


Ejjcct of T anous PhospJtoUptds on Inhibition by Zephtran 




i 

Inhibition bv 0r>5 me Zephl to 


B&cUrla 

Phospholipid 

1 CoDctntratlon of phosphohpid tnt-/3 

ee 


1 

00 

DOS 

ois 

OJ 

04 

Staphylococcus 

Beef ledthm 

ft ttnf 

-87 

ftr etni 

-54 

fir cent 

-19 

ftr cent 

-12 

fer cent 

+8 

aureust 

Egg leathln 

-87 

-77 

-79 

-71 

-54 


Soy leathin 

-87 

-55 

-26 

-12 

-2 

1 

Soy cephohn ' 

-87 

-75 1 

-48 

-15 

-5 


SphicgomycLn , 

-87 

-75 

-70 

-42 

-36 


Brain ccphalinl 

-78 

-45 

-21 

+17 

+29 

Eschenehta edit 

Beef lecithin 

-81 

-72 

-57 

-SO 

-23 


Egg leathm 

-81 1 

-76 

-69 1 

-58 

-33 


Soy leathm 

-81 ' 

-71 

-41 ' 

-8 

+3 


Soy cephalm 

-81 

-70 

-29 

-6 

-1 


Sphingomyelin 

-81 

-73 

-47 

-26 

-5 


Brain cepbalin§ 

-89 

-86 

-36 i 

-4 

-6 

LactobaciUuslI | 

Beef leathm 

-85 i 

-61 

-45 1 

-41 

-31 

1 

Egg leathm 

-85 

-63 

1 -47 

-37 

1 -35 


Soy leathm 

-85 

-50 

-30 

-3 

-2 


Soy cephalin 

-85 

-58 

-41 

-21 

-1 


Sphmgomyehn 

-85 

-48 

-44 

-33 

-32 


Brain cephalm** 

- 7 P 1 

-48 

-45 

-19 

-11 


^ Bram cephahn§ 

-89 I 

-38 

-26 

-10 

+1 


* Minus signs represent iniiibiUon plus signs represent stimulation 
} Respiration 
§ Phosphatidyl senne. 

II Aerobic glycolysis 

•• Cephalin prepared by Dr H N Christiansen 

Time Relalionshtp and Period of Exposure 
Previous e\penments have shown that the detergents act very rapidly and 
that their inhibitory effect on bacterial metabolism is completed usuallj within 
5 minutes We have found in the present study that if bacteria are exposed 
to the detergent subsequent addition of phosphohpid cannot prevent the 
inhibitory action The phosphohpid must be added fe/are or simultaneously 
■with the detergent Thus, m an experiment with Staphylococcus aureus, 0 OS 
mg of Zephiran produced an inhibition of 81 per cent, 3 0 mg of soy bean 
lecithin, added 15 minutes later, had no effect on the mhibition On the other 
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hand, when either 0 1 mg or 0 3 mg of lecithm was added before the detergent, 
the phosphohpid prevented the inhibition by Zephiran 
If bacteria are exposed to a solution contammg lecithm for several mmutes, 
and then removed from the lecithm solution and washed, they contmue to be 
resistant to concentrations of detergents which are normally inhibitory Pro- 
tection mduced m this manner is dependent on the concentration of both the 
phosphohpid and detergent A typical experiment was carried out as follows 
a suspension of E coh (1 0 cc ) was treated with 3 mg of soy-bean lecithin, 
after 5 mmutes the cells were centrifuged, washed, recentrifuged, and suspended 
in their origmal volume A similar suspension, treated m the same manner 
but without lecithm, served as a control Subsequent experiments on respira- 
tion m the presence of glucose plus 0 05 mg Zephiran gave the following 
results control, 88 per cent inhibition, lecithin-treated, 2 per cent inhibition 
Similar results were obtamed with Slaphylococcm aureus, Proteus vulgaris, and 
lactobaciUus 


Addition of Lecithin to Culture Medium 

Several orgamsms were grown m the presence of soy-bean lecithm (1 mg /cc ) 
to determine if this would affect subsequent sensitivity to the detergents The 
results obtamed with Staphylococcus aureus, E coh, and lactobaciUus are 
mdicated m Table IV It is apparent that there was no change m the sensi- 
tivity of Staphylococcus aureus and E coh The inhibitions with Zephiran at 
vanous concentrations were almost precisely the same as those of the controls 
(grown normally, m the absence of lecithm) On the other hand, two experi- 
ments with lactobaciUus mdicated that considerably higher concentrations of 
Zephiran or Tergitol-7 were necessary to inhibit cells grown m the presence of 
lecithm Possibly, further experiments with Staphylococcus aureus and E 
coh at different concentrations of phosphohpid might lead to the same result 
obtamed with lactobaciUus 

Effect of Phospholipids on the Bactericidal Action of Detergents 

A fen experiments were performed to determme whether the phospholipids 
could prevent the bactericidal action of the detergents The results obtained 
are presented in Table V Bactericidal action (absence of growth) is indi- 
cated bj’- a minus sign The values recorded were obtamed by exammation of 
the second subculture tubes after 48 or 72 hours mcubation It is apparent 
that a considerably higher concentration of detergent is required to kill the 
microorganisms m the presence of phosphohpid than m its absence, and that 
the phosphohpid is effective m a relatively low concentration 

With Staphylococcus aureus and E coh, the bactericidal action of 0 3 and 0 5 
mg of Zephiran and Phemerol was prevented by 3 0 mg of lecithm With 
lactobaciUus the foUowmg results were obtamed 3 mg of lecithm prevented 
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the bactericidal action of 0 I mg of Zephiran or Phemerol (1/30,000) More- 
over, 1 0 mg , but not 0 5 mg , of lecithin protected agamst 0 1 mg of Zephiran 
3 0 mg of lecithin was not sufficient to protect agamst OSmg ol Zephiran, but 
was effective agamst 0 3 and 0 5 mg of Tergitol 7 (but not agamst 1 0 mg of 


TABLE rV 

Bffut of Induston of Lectthtn tn Culture Medium 


BacteiU 

CuUare 

medium 

Concentration of dettfKtnt 

Inhibition of meUbolum bjr 
detergents 

Zephiran 

Tergitol 7 

Cultured in 
sbsence 
of lecithin 

Cultured In 
presence 
of lecjlhm 



me /) tc 

tntPu 

ptT ceifS 

Percent 

Staphylococcus 

Broth 




67 

aureusX 


0 10 


84 

85 





&6 

87 





87 

82 

E coht 

Agar 

0 05 


80 

80 



0 10 


89 

91 



0 20 


92 

91 

Lactobacillus! 

Broth 

0 10 


82 

8 



0 15 



15 



0 20 



13 



0 30 



42 

LactobaoUusS 

Broth 

0 05 


79 

9 



0 10 


92 

11 



0 20 


91 

32 



0 30 


94 

83 




0 10 

90 

9 




0 20 

96 

17 




0 30 

95 

96 


• 1 0 mg /cc 
t Respiration 
§ Aerobic glycolysis 


Tergitol 7) It is apparent from these results that just as m the experiments 
on bacterial metabohsm, there is a close relationship between the concentration 
of bactericidal agent and the effective concentration of phospholipid 

Effea of Phospholipids (m Inhibition by Other Germicidal Compounds 
The effect of lecithm on the inhibition of metabolism by mercunc chlonde 
and by two organic mercury compounds, Merthiolate and Metaphen, has been 
studied The results are summarized m Table VI In no instance did 3 mg 
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of lecithin adequately protect against 0 05 or 0 1 mg of these compounds (m 
3 cc volume) However, when the concentration of mercuric chloride was 
very low {viz 0 01 mg ) 3 0 mg of lecithm prevented the inhibition (Experi- 

TABLE V 


Rffect of Phospholipids on Bactericidal Action of Detergents* 




Conccn- 

I Concentration of lecithin 

Bactena 

1 Detergent 

tration of 



detergent 

0 

0 5 

10 

30 



fng /3 cc 

mg P cc 

mg p cc 

mg p cc 

mg p cc 

Staphylococcus 

Zephiran 

0 5 

- 



+ 

aureus 


0 3 

— \ 



+ 




1 



+ 


Phemerol 

0 5 

_ 



+ 



0 3 

— ' 


1 

+ 

E coll 

Zephiran 

0 5 

_ 



+ 



0 3 

— 



+ 


Phemerol 

0 5 

— 



+ 

1 


0 3 

— 



+ 

Lactobacillus | 

Zephiran 

0 1 

- 



+ 


Phemerol 

0 1 

- 



+ 

Lactobacillus 

Zephiran 

0 1 

— 

— 

+ 

+ 



0 5 

i “ 



— 

1 


1 0 

— 



— 



3 0 

j — 



— 


Tergitol-7 

0 3 

1 



+ 



0 5 

— 



+ 



1 0 

1 — 



— 


* A. minus sign in the table indicates bactencidal action (no growth in subculture tube) 


ment 5) Even at the \ery lowest concentrations of Metaphen and Merthio- 
late, however, lecithin did not protect 

Some experiments have been performed with the selective bactericidal 
agents isolated by Duhos (27) and by Hoogerheide (28) ^ Both preparations 
were dissolved m a small volume of alcohol and diluted with water to give a 

- Gramiadin vas purified from a preparation kindly suppbed by Eli Ldly and 
Companj This probably contamed several of the bactenadal substances descnbed 
by Dubos and coworkers (29-31) We wish to thank Dr J C Hoogerheide for a 
sample of his material 
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TABLE VI 

ESeci oj Soy Bean Lecithin on Inhibition of Bacienal MeiahoJtm by Mercury Compounds 


Erperi 

meat 


CoDCeittntion o! mercury 


lobibitloQ by 

BactetU 


compound 


by mercu^ 

mcrcuiy 
compound + 



H«Cb 

Metaphen 

Mertbiolate 

alone 

3 Oms 
IrcUbin 



ms /J « 

ms /J tc 

nr /J cc 

Pt cent 

Per tent 


Slapkylocoecus 

0 05 



89 

88 


aureus* 


0 05 


84 

86 





0 OS 

76 

74 

2 

Saretna lutea* 

0 10 



92 

60t 




0 10 


91 

ssj 

3 

Lactobacillus^ 

0 05 

HjH 


89 

90 



0 10 



91 

98 




■i 


91 

98 

4 

Mxtrotoceus 







tetragenus^ 

0 10 



90 

91 

5 

Esehertchta colt* 

0 05 



91 

SS 



0 025 



91 

77 



0 010 



90 

11 



0 005 



81 




0 001 



6 

5 




0 05 


93 

96 




0 025 


93 

94 




0 010 


90 

90 




0 005 


78 

61 




0 001 


16 

11 





0 05 

82 

83 





0 025 

75 

72 





0 010 

63 

70 





0 005 

50 

55 





0 001 

13 

8 


* Respiration 
^60 mg leathiD 
5 Aerobic glycolysis 


stable, milky emulsion Control experiments showed that the low concen 
tration of alcohol present did not influence the results It was found that 
lecithin could effectively prevent the inhibition of bacterial metabolism caused 
by these compounds (Table VU) Other phosphohpids were also active All 
the experiments reported m Table VU were performed with a phosphohpid 
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concentration of 1 mg per cc No effort was made to determme the mmimum 
effective phospholipid concentration 


TABLE Vn 

Effect of Phospholipids on Inhibition by Gramicidin and Hoogerheide’s Compound 


Bacteria 

Phospholipid 

Concentratio 

Gramicidin 

n of inhibitor 

Hoogerheidc 

Inhibition* 
by inhibitor 
alone 

Inhibition* 
by inhibitor 
plus 3 mg 
phospholipid 



mg /3 cc 

mg /J cc 

per cent 

per cent 

Staphylococcus 

Leathm (beef) 

0 2 

- 

-68 

+4 

aiireus% 







Leathin (soy) 

0 1 

_ 

-45 




0 2 

— 

-81 




— 

0 1 

-SI 




— 

0 2 

-69 




— 

0 3 

-73 

+42 

Sarcina luteaX 

Leathm (soy) 

0 1 

— 

-83 

+92 




0 2 

-77 

+40 

LactobacUlusI 

Lecithm (soy) 

0 1 

— 

-99 

-2 

1 


— 

0 1 

-93 

-9 


Lecithm (beef) 

0 1 


-91 

-28 

1 


— 

0 1 

-47 

-17 

1 

Cephahn (soy) 

0 1 

■BHi 

-93 

-7 



— 


-70 

-9 



— 


-97 

+11 


Sphmgomyehn 

i ® ^ 

■ 

-90 

-12 


* Minus signs represent inhibition, plus signs represent stimulation 
f Respiration 
§ Aerobic glycolysis 


Protective Action by Surf ace- Active Compounds Other than Phospholipids 

An unionized detergent, Demal,® was found to be very effective m preventing 
the inhibitory action of both cationic and amomc detergents This detergent 
IS described (32, 33) as a mixture of polyglycerol esters, with the following type 
formula R— COO— CH 2 — CHOH— GHj— O— CHz— CHOH— CHjOH, m 
which R represents a long-cham alkyl radical This compound possesses 
the typical polar-nonpolar structure of surface-active compounds On the 
other hand, it differs markedly from the cationic and anionic detergents be- 

* A sample of this compound was kmdly supphed by the Emulsol Company 
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cause It docs not lomze Furthermore, it appears to have no effect on bac- 
terial metabolism 


TABLE Vm 


Effect of Dental on Jnhtbtlton of Bactcnal MetdboUsm hy Detergents 


Bacteria 

Detergent 

Co ceatratlon 
of detergent 

Concentration 
of Demal 

Inhibition 



mt /3 cc 

mt /3 cc 

ptT cent 

Slaphyloeocais auretisX 

Zephiran 

0 

3 0 

-4 


0 05 

0 

-85 



0 05 

3 0 

0 



0 05 

1 0 

+12 



0 05 

0 5 

+11 



0 05 

0 3 

+3 


Tcrgilol 7 

0 3 

0 

-85 



0 3 

3 0 

-14 

Eschenchta coht 

Zephiran 

0 

1 0 

0 


0 05 

0 

—82 



0 05 

1 0 

-IS 



0 05 

0 5 

-42 



0 05 

0 3 

-57 



0 05 

0 1 

-72 

Laetobacillu3§ 

Zephiran 

0 

0 05 

1 0 

0 

O o- 
1 



0 05 

1 0 

-9 



0 05 

0 5 

-11 



0 05 

0 3 

-32 



0 05 

0 1 

-83 


Tergitol 7 

0 

1 0 

0 


0 05 

0 




0 05 

1 0 

-4 



0 05 

0 5 

-2 



0 05 

0 3 

-20 



0 05 

0 1 

-80 


• Min,,, signs represent inhibition plus signs represent stimulation 


X Respuation 
S Aerobic glycolysis. 


The results obtained with this compound are lUustrated m ™e TOI 
It can be seen that relatively low concentrations of De^I prevent ^tobon 

of bactenal metabobsm by both Zephuan ° TaUe^) 

It IS of interest to note that other experiments (not mcluded Tabk^^ 
demonstrate that the umomzed detergent, Demal, also 

caused by gramicidin Thus, m an experiment with lactobacUlus, 0 1 mg of 
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gramicidin inhibited aerobic acid production 99 per cent, in the presence of 3 
mg of Demal, the inhibition was only 19 per cent 

Some experiments were performed with cholesterol to determine whether it 
protected against the detergents m a manner similar to lecithin Due to its 
msolubihty m water, it was necessary to use alcoholic solutions A concen- 
tration of 1 2 mg was unable to prevent the inhibitory action of 0 05 mg of 
Zephiran on Staphylococcus aureus or E coh 

It IS known that detergents of opposite ionic charge precipitate each other, 
and therefore the inhibition of bacterial metabolism by a catiomc detergent 
can be prevented by the simultaneous addition of an anionic detergent, and 
vice versa Thus, the action of a catiomc detergent such as Zephiran can be 
prevented by the simultaneous addition of an equivalent quantity of an amonic 
detergent, decyl sulfate On the other hand, a combination of anionic deter- 
gents, one of which is inhibitory and the other which is not, (such as Tergitol-7 
and decyl sulfate), still inhibits bacterial metabolism Similarly, the surface- 
active compound, sodium taurocholate, prevents the action of Zephiran but 
not of Tergitol-7, it behaves like a typical anionic synthetic detergent The 
neutrahzation of oppositely charged detergents appears to be a different 
phenomenon from the protective action of the phospholipids and Demal 

E^ffect of Compounds Which Are Not Surface-Active 

It was thought of mterest to determme if compounds which are not surface- 
active but are known to be involved in growth or metabolism of bacteria or 
in some manner related to the phospholipids, could act like phospholipids m 
protecting bacteria against the action of detergents In experiments on 
Staphylococcus aureus and lactobacillus (respiration and acid production 
studies, respectively) it was found that nicotinic acid and nicotinamide, 
thiamine, riboflavin, diphosphopyridine nucleotide,^ and yeast extract were 
unable to prevent the mhibition by Zephiran Negative results were also 
obtained with the following compounds methylene blue, choline, glycerol, 
and the ethanolammes (mono-, di-, and tri-) 

DISCUSSION 

It appears to us that the most reasonable working hypothesis to explain the 
rapid action of synthetic detergents on bacterial metabolism and viability 
would be one based on a twofold action first, a disorganization of the cell 
membrane by virtue of the great surface activity of these compounds, and 
second, a denaturation of certain proteins essential to metabolism and growth 
The effects of detergent-hke compounds on lysis and agglutination of red 
cells have been investigated by Schulman (34) He concluded from studies 
on model systems that compounds which penetrate lipoprotein monolayers 

^ We are indebted to Dr A Altschul for a sample of purified material 
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increase surface pressure markedly and cause lysis, whereas compounds which 
do not penetrate but are adsorbed cause agglutination It is conceivable that 
similar disorientations and alterations in surface forces may occur in bacterial 
cells Denaturation of proteins and inactivation of viruses have been reported 
by a number of investigators (3, 4, 35-40) Very low concentrations of deter- 
gents have been shown to denature protems 
If such an explanation were correct, then it is reasonable to expect that 
compounds which could significantly alter the afl5nity of detergents for bac 
teria would influence their effect on the cell membrane and their tendency to 
denature cell proteins Phospholipids possess a characteristic polar nonpolar 
structure and, presumablj , have an af^it> for bacterial cells similar to that 
of the detergents Thej have been shown to produce a marked lowering of 
surface tension at very low concentrations (41) Since they do not inhibit 
bacterial metabolism even at quite high concentrations, the phospholipids 
could protect the bacterial cell, perhaps by altering the structure of the mem 
brane in such a manner as to prevent penetration by the detergents As 
soiqe CMdence for this it should be noted that our expenments demonstrate 
that the phospholipids are ineffective unless they are added before or at the 
same time as the detergent It will be of interest to establish whether or not 
the phospholipids can prevent denaturation of proteins by detergents 
We have found that an unionized detergent, Demal, functions very sizni 
larly to the phospholipids protecting bacteria against both cationic and 
amomc detergents On the other band, the action of taurocholate is confined 
to catiomc detergents, and cholesterol is relatively inactive 
We have not had the opportunity to studj phospholipids derived from bac 
terial cells Such an investigation would be of value m elucidating a possible 
relationship between cellular phospholipids and the resistance or susceptibility 
of \anous cells and bacterial species to the detergents 
There is a striking contrast between the action of phosphohpids agamst the 
synthetic detergents and the bactericidal compounds of Dubos and Hooger 
heide, as compared with the very low activity of phosphohpids agamst mer 
curie salts and derivatives Fildes (42) has demonstrated that mercuric 
ions act on bacterial cells by combining specifically with sulfhydryl groups 
The inhibitory action can be reversed even after long periods of time by the 
addition of sulfhydryl compounds which form soluble compounds with mer 
cury, such as glutathione cysteme, and thiolacetate As shown above, the 
action of the detergents on bacteria appears to be of a different type, and does 
not seem to involve combination with a specific group 

SUMMARY 

1 Lecithm, cephalin, and sphingomyelin prevent the inhibition of bactenal 
meiabohsni which is caused by synthetic amomc and catiomc detergents The 
phosphohpids must be added either before or simultaneously with the deter 
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gent Addition after the detergent is without effect Bacteria still exhibit 
this phenomenon after they have been exposed to the phospholipid and thor- 
oughly washed 

2 A similar action of the phospholipids has been demonstrated towards the 
bactericidal compounds isolated by Dubos and Hoogerheide from soil bac- 
teria There is very little effect with bactericidal mercury compounds 

3 The effect of lecithin against the bactenctdal action of synthetic deter- 
gents was also determined It was found that germicidal quantities of the 
detergents were not effective in the presence of the phospholipids 
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sibilitj If there were certain tissues from which sodium and thiocyanate 
disappear at a sloiser rate than from other portions mcluding tlie serum, 
then, following the second injection, less radiosodium and thiocyanate will 
diffuse into these particular tissues than after the first injection, and the con- 
centration in the serum will be higher than it should be As will be pointed 
out later, the skeleton and central nerv'ous S 5 'Stem may serve as such tissues 
for sodium 

Effect of Seasonal Variation upon the Volume of the Blood and Extracellular 
Fluid — Measurements of the plasma volume and the extracellular fluid were 
made on five normal subjects m Rochester durmg the warm season and again 
during the w inter months In the month of March, 1940, during which time 
all but one of our observations were made, the mean daily high temperature 


TABLE IV 

The Effect of Seasonal Variations upon the Volume of the Blood and the Sodium Space 
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16 7 
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3 
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3 06 


5 75 
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3 
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3 
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14 9 


17 6 
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3 

6 3 

44 8 
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was 33°F and the mean of the lows 22°F The mean relative humidity at 
7 30 a m was 84 per cent, at 1 30 p m , 69 per cent, and at 7 30 p m , 78 per 
cent The percentage of sunshme w'as 47 Between August 9, and Septem- 
ber 9, 1939, the mean daily high temperature was SO^F and the mean of the 
lows, 63°F , with an average relative humidity of 86 per cent at 7 30 a m , 
51 per cent at 1 30 p m , and 66 per cent at 7 30 p m The percentage of 
sunshine was 74 

Durmg this study the subjects followed their ordinary activities and were 
exposed to the outside temperature only several hours a day The results 
are giv en in Table I\^ Durmg the warm season, all the subjects weighed less 
than durmg the winter months (average difference 1 9 kg ) During the warm 
weather the plasma volume mcreased m three subjects, remained the same 
in one, and decreased m two The mean difference m the plasma volume 
was -hO 064 liter or -J-2 2 per cent wnth a range of from — 11 per cent to -t-8 per 
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cent The mean difference v,as not significantly different from zero There 
was no significant change in the blood volume, the mean difference being 
+6 ml The changes in the sodium space were no more consistent than 
those found for the i olume of the blood The volume during the warm season 
as compared with the cold increased m three subjects and decreased in two 
The mean difference was —0 50 liter, a value not significantly different 
from zero 

These results are not m agreement with the marked changes in the volume 
of the blood found by Barcroft el al (IS) and Bazett and coworkers (16), 
during seasonal variation The former investigators using the CO method 
for determmmg the \ olume of the blood found an increase of about 35 per 
cent m this volume as they sailed through the tropics and Bazett et al observed 
equally large increases in the blood volume during the summer heat There 
was an mcrease in both the plasma and the cell volume m the summer, so 
that the hematoent readmgs did not change More recently Forbes Dili, 
and Hall (17) found much less marked changes in the blood volume with 
changes m climate A group of laboratory workers on moving to a hot damp 
climate for the summer showed an increase m the volume of the blood and 
plasma of only 4 5 and 4 2 per cent, with a range from —6 per cent to + 12 
per cent 

We have empIo>ed essentially the same methods for the blood volume as 
Forbes and his group The results in the two groups are very similar The 
discrepancy between the results of Barcroft and Bazett and Forbes and ours 
cannot be explamed at the present time 

DISCUSSION 

The results of this investigation indicate that the fluid available for the 
distnbution of radiosodium (sodium space) represents approximately 25 per 
cent of the body weight The sodium space will be equal to the volume of 
extracellular fluid providing that either sodium is exclusively limited to the 
extracellular phase, or if not, it does not exchange with mtracellular sodium, 
and further providing that the radioactive isotope is equally distributed 
throughout the sodium phase There is good evidence to suggest that neither 
sodium nor chloride is exclusively limited to the extracellular compartment 
Manery and Hastmgs (13) have shown that the Na Cl ratio vanes m different 
organs The ratio for most tissues is approximately the same as that of an 
ultrafiltrate of serum, but m certam tissues (stomach, tendon, and testes) 
there is excess chlonde while m certam other tissues (spinal cord, cartilage, 
and bone) there is extra sodium which suggests the existence of both mtra 
cellular sodium and chloride The results of Harnson Darrow, and Yan 
net (18) on the analysis of whole bodies of animals support these findings 
with respect to sodium They found an excess of sodium amounting to ap- 
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proximately 25 per cent of the total sodium in the dog, 85 per cent of which 
i\as limited to the skeleton 

Several questions then arise in reference to the use of marked sodium as a 
means of measuring extracellular fluid First is tlie tagged sodium distributed 
in the same proportion as total sodium, and second does the radiosodium 
diffuse mto the skeleton and reach its maximum concentration during the 
12 hours allotted for mixing in man? In answer to the first question. Green- 
burg cl al (19) and Manery and Bale (20) observed that radiosodium penetrates 
all the tissues and is distributed in the same proportion as total sodium 
Radiosodium is not concentrated in any tissue A definite answer to the 
second query cannot be given Manery and Bale (20) found that in certain 
tissues of rabbits and rats the penetration of radiosodium was complete 20 
minutes after the injection and remained constant for at least 12 hours, and 
that in certain other tissues (testes, brain, and bone) the penetration was 
delayed but gradually proceeded to completion m 3 to 12 hours Their data 
on bone were very sparse Greenburg el al (19) using rats found that the 
marked sodium diffused rapidly throughout the tissues Their studies did 
not include bone Hahn, Hevesy, and Rebbe (21) observed that 67 hours 
after the subcutaneous injection of radiosodium in a rabbit the concentrations 
of marked sodium in tibia epiphyses and tibia diaphyses were 59 1 and 50 9 
per cent of that in plasma respectively 

These observations then suggest that m the series of experiments reported 
above the total sodium of the body was measured, and therefore the figures 
given for the volume of extracellular fluid are too high, because of excess 
sodium attributed to the extracellular volume 

In order to determine how rapidly sodium diffuses mto bone and what 
concentration it reaches, the experiments of Harrison el al (18) have been 
repeated in part on dog and man usmg radioactive sodium rather than chemi- 
cal methods 

After securing a sample of serum to serve as control, radiosodium and sodium 
thiocjanate were injected intravenously At suitable mtervals thereafter samples 
of blood and bone were obtained, the /3-ray activity counted, and the chloride con- 
centration chemically determined The bone was freed from excess tissue (fat, mar- 
row) and weighed One jxirtion was used for the determination of chlonde, and 
another was dissolved in concentrated mtnc acid on a steam bath 2 ml of the 
resultant solution were placed m a Geiger-MiiDer counter and its activity measured 
The first two dogs were sacrificed 12 hours after the injection of the substances and 
numerous samples of bone were obtained In the third dog, after the substances 
were injected, the animal was 1 ept m an anesthetized state with nembutal during the 
remainder of the experiment Everv 3 hours for 12 hours after the administration of 
sodium, samples of blood were obtained and at each period corresponding sections 
of tibia or radius were removed using a diflerent»limb at each penod 
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The counts of the tissues alone mean very little, but their relative values give 
information desired, when related to the number of counts m the serum The ratios 
of the tissue concentration to the plasma concentration for radioactive sodium and 
the chemically determined chlondc were calculated When the ratios are corrected 
for the water content of scrum and the Gibbs Donnan equilibnura the resulting 
values give the apparent volume of the extracellular water In keeping with 
the symbols used by Manery and Bale (20) the calculated value has been desig 
nated (HoO)e 

The results of these experiments along with data secured from humans are 
presented in Table V The values for (H 0)e Na’* m bone m every instance 
w ere much higher than those for (H*0)£ Cl, indicating that there is extra sodium 
in bone which cannot be attributed to the extracellular compartment The 
a\erage values for (H OeNa’* in bone correspond very closel> to the value 
of 52 calculated from the results of Harrison et al (18) In general the figures 
for (HO)ENa^ were higher in compact than in cancellous bone Another 
finding of interest is that the value for (H 0)ENa** m bone of dog 3, 3 hours 
after the injection was just as high as that found at the end of 12 hours 
At least m the dog, radiosodium penetrates bone and diffuses into it rather 
rapidly 

The nature of the “excess sodium” m bone is not known It is felt that the 
extra sodium must contribute little, if any, to the osmotic pressure of skeletal 
water and presumably is present as an msoluble or undissociated compound 
serving to form the matrix of bone Harrison ct al (18) felt that the excess 
sodium of bone was associated w ith the inorganic part We attempted to find 
out the percentage of radiosodium associated with the organic and inorganic 
portions of bone Counts were made on adjacent portions of bone, after treat- 
ing one part with nitric acid and the other after extracting the organic part of 
the bone with ethylene glycol The results show that the counts associated 
with the organic part of dense bone 12 hours after injection represented 56 5 
per cent of the total count, while those of spongy bone represented on an average 
73 per cent of the total activity However, these data do not throw much 
light on the nature of the extra sodium m bone because of the relatively short 
duration of these experiments The rate of penetration of the radiosodium 
into the inorganic compound may be governed by the rate at which sodium 
is renewed 

From the information at hand it is possible to calculate the excess radio 
sodium that diffused into bone of the dog Usmg 24^ per cent of the body 
weight as skeleton (18) and 60 for (HjOe Na * m bone m dog 1 it was 
found that 41 6 per cent of the number of counts present in the body were m 
bone This compares favorably with Harrison’s value of 46 per cent de 
termmed chemically Assummg that the chloride space of bone (20 per cent 
of its weight) represents its extracellular volume, then the extra sodium m bone 
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TABLE V 


Ratios of Tissue {Bone) Concentration to Plasma Concentration for Radioactive Sodium and 

Chemically Determined Chloride 
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* Portion of tibia, diaphysis removed at 3 hours 
t Portion of tibia, diaphysis removed at 6 hours 

t Portion of radius, diaphysis removed at 9 hours All other samples obtained 12 hours 
after mjection of radiosodium 


(H 0)ENa« 
(H 0 )eC1 


Tissue counts per mm per kilo 0 93 

“ — ^ ■ — ' X X 100 

Serum counts per min per liter 0 95 

^ ue Cl ( m eq per Ldoj ^ 0 93 X 0 95 X 100 
Serum Cl (m eg per liter) 


was equal to 32 per cent of the total counts in the body The average value for 
three dogs was 28 5 per cent If Skelton’s value (22) of 17 4 per cent of the 
bodj V eight as skeleton is employed, then 29 8 per cent of the total number of 
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counts was found in the bone (dog 1) and the excess counts amounted to 
20 per cent of the total counts remaining m the body The average value 
(three dogs) for excess counts was 18 1 per cent The extent then to which the 
excess sodium m bone will correct the sodium space, depends on the value 
selected to represent the percentage of skeleton to body weight The value 
given b> Skelton (22) probably represents a closer approximation to the condi 
tions of these expenments than Harrison^s values, since the bone used for 
analysis was free of excess tissue and fat 
Employing Skelton’s figure, the sodium space of the dogs was corrected for 
the excess sodium existing in bone (Table VI) The corrected volumes were 
similar to those determmed by the distribution of thiocyanate The average 
corrected sodium space of the three dogs was 4 8 liters or 27 6 per cent of the 

TABLE VI 


Fluid Atatlahle for the Dtstribution of Radtosoitum Corrected for ike Amount of Extra Sodium 
tn Bone (Do^s) 
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6 38 
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13 



6 06 

4 86 

27 2 

5 57 
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• Oirrected for excess sodium m skeleton 
t Sec Methods 


body weight These values are similar to those derived by more direct methods 
(18) No correction has been applied for the diffusion of labeled sodium into 
the erythrocytes (23) 

Similar results were found m man The values for (HsO)e Na * were higher 
than those for (H20 )e Cl In two instances (A S and W S ) in which ample 
samples of bone were obtained, the values for (H 20 )e Na-^ were similar to those 
found for the dog (Table V) In one case (A S ) m which the data were com 
plete, it was found that 37 4 per cent of the total number of counts m the body 
w'as m bone and that the excess sodium m bone was equivalent to 21 per cent 
of the total sodium counts 

Corrections for the sodium space were made m ten normal subjects (Table 
VH) It was assumed that the skeleton represented 16 per cent of the body 
weight (22) and the values of 50 and 20 were taken for (H 0)e Na“ and (H20)e 
Cl respectively In eight normal subjects m whom both sodium and thio 
cyanate spaces were determmed, the correction apphed reduced the volume 
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determined b> sodium an average of 3 7 liters or 18 9 per cent The average 
corrected value for the sodium space ivas 15 9 liters (21 1 per cent of the body 
weight) compared with 17 7 liters (23 5 per cent of the body weight) for the 
corrected thiocyanate space These values then represent the closest approx- 
imation to the volume of extracellular fluid that one can make with the available 
data Both the sodium and thiocyanate spaces require large corrections, the 
former for excess sodium in bone and the latter for thiocyanate in erythrocytes 


TABLE VII 


Fluid Azailaihfor tie Distnbulion of Radtosodtum Corrected for the Amount of Extra Sodium 

in Skeleton (Normal Subjects) 


Eipcri 
ment No 

Subject 

Time 

after 

injection 

' ' 

Weight 

Interstitial fluid 
(radiosodium) 

Extracellular fluid 
sodium space 

Extracellular fluid 
thiocyanate space 

Volume 

Cor- 

rected* 

volume 

Volume 

Cor- 

rectedt 

volume 

A* 

B* 



hrs 


tilers 

liters 

tilers 

tilers 

lilers 

liters 

5 

I T 

n 

SI 0 

Bfl 

12 3 

17 5 




6 

J P 

12 

69 8 

maM 

12 S 

18 4 

■H 



7 

L Y 

6 

84 S 


13 6 

20 9 


20 6 

19 4 

8 

F B 

6 

102 5 

19 4 

14 5 

22 2 


21 0 

19 8 

9 

V D 

6 

61 3 

IS 2 

12 2 

18 2 

15 2 

17 1 

16 0 

10 

J A 

6 

67 3 

15 6 

12 4 

18 3 

15 1 


17 2 

n 

G M 

6 

106 3 

21 2 

16 1 

25 5 

20 4 


22 9 

12 

S G 

6 

56 8 

12 9 

10 2 

15 3 

12 6 

15 1 

14 2 



S 


12 8 

10 1 

15 2 

12 5 



13 

N K 

6 

77 6 

16 6 

12 9 

20 5 

16 8 

19 7 

18 2 



9 


17 2 

13 5 

21 1 

17 4 





12 


17 3 

13 5 

21 2 

17 4 



14 

J c 

6 

58 8 

13 2 

10 4 

15 6 

12 8 

IS 0 

14 1 



9 


14 2 

11 4 

16 6 

13 8 





12 


14 1 

11 3 

16 5 

13 7 



A\ erage 


6 


16 5 

12 8 

19 6 

15 9 

18 9 

17 7 

Body weight fer 









cent 




21 8 

17 0 

25 9 

21 1 

25 0 

23 5 


• See “Methods ” 

t Corrected for eicess sodium m skeleton 


Smce the major portion of the extra sodium of the body is contained m skel- 
eton (18, 20), the correction applied to the sodium space wiU depend on the 
weight of the skeleton Due to the variabihty of the relative weight of the 
skeleton to the body weight m different mdmduals and m the same individuals 
under different conditions, it is impossible to arrive at the absolute weight of 
the skeleton and in turn to apply to the sodium space proper corrections for 
extra sodium 

Radioactiv e sodium may be employed m making comparative measurements 
of the sodium space on the same mdivndual at two different times, providing 
the store of extra sodium does not fluctuate with the expansion or the contrac- 



































N L KALTREIDER, G R MENEELY, J R ALLEN, AND W E BALE 587 


tion of the extracellular volume or with changes m the concentration of sodium 
m the extracellular fluid Due to the nature of bone, one should expect little 
change m its sodium content with fluctuations in the volume of extracellular 
fluid without changes in the sodium concentration It is conceivable, how- 
ever, that drastic changes in the concentration of sodium m the extracellular 
fluid may vary the amount of extra sodium in the body In the salt deficiency 
experiments done by McCance it appears that the subject RAM lost ap 
proximately 210 m eq of sodium which came from some other portion of the 
body than his extracellular fluid (24) 

It appears then that neither radiosodium nor thiocyanate is an absolute 
measure of the extracellular fluid Since sodium and chloride are not ex 
clusi\el> limited to the extracellular phase, the volume of fluid available for 
radiosodium and thiocj anate is larger by an undeterminable amount than the 
space which functions as the interstitial fluid In general, m soft tissues, chlo- 
nde exceeds sodium while m skeleton sodium exceeds chloride (13) Radio- 
active sodium affords then at least as accurate a method as any previously 
described Smee our mam interest m measuring the extracellular compart 
ment is for comparative purposes m the same indiv idual at two different times 
and not necessarily the absolute volume the most useful representation of this 
volume at the present time is as follows 

^ , , Counts injected — counts lost m unne 

Sodium space, liters “ — : : : 

Concentration of counts per minute per liter of serum 

In the derivation of this equation correction for the Gibbs Donnan effect and 
the water content of serum was considered, but the values for these factors, 
0 95 and 1/0 94 respectively, for practical purposes cancel each other Can 
cellation of these factors results m a sodium space which is 200 cc too high, 
providing we assume that the interstitial fluid of the normal subject is free of 
proteins The futility of attempting to correct the concentration of counts of 
serum more closely than this is obvious when one recalls that the protem con 
tent of mterstitial fluid of normal man is not known and that in patients with 
edema and serous effusions the transudates contam variable amounts of pro 
terns not only m different subjects but also in different parts of the extracellular 
compartment m the same patient 

Finally it is worth while to point out the relative merits of radiosodium and 
thiocyanate as measures of the volume of extracellular fluid Thus far there 
has been no evidence presented to show that radiosodium differs either chemi 
caily or physiologically from the sodium which occurs m nature (25) The 
evidence indicates that thiocyanate and tagged sodium spread from the plasma 
mto their respective phases of individual tissues m the same proportion as 
chloride and total sodium are distributed In normal man diffusion equi 
libnum of thiocyanate is more rapidly attamed than that for sodium From 
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the simultaneous measurements made on serum and serous effusions, it appears 
that from 9 to 12 hours is necessary for complete diffusion of sodium and thio- 
cyanate m the bodies of patients suffering from congestive heart failure (7) 
Radiosodium has the advantage over thiocyanate in that it measures the vol- 
ume of extracellular fluid of the nervous system, and it is not concentrated m 
the digestive juices Radiosodium does not enter the red blood cells to any 
great extent as does thiocyanate (26) Neither radiosodium nor thiocyanate 
is rapidly excreted, so sufficient time (12 hours) may be allowed between the 
administration of the substances and the drawing of blood samples in order to 
insure complete diffusion through large accumulations of fluid The amount of 
sodium chloride that it is necessary to inject m order to make accurate 
measurements is not large enough to cause changes in the electrolyte balance 
One disadvantage is that labeled sodium is not always available and that it 
requires considerable technical equipment which is expensive 

SUMMARY AND CONCLUSIONS 

A method for measuring the volume of fluid available for the distribution of 
sodium (sodium space) by the use of its radioactive isotope (Na*^) has been 
described and the accuracy of the method has been discussed Simultaneous 
determinations of the plasma volume by means of the blue dye T-1824 and the 
volume of the extracellular fluid by employing radiosodium and sodium thio- 
cyanate have been made m normal subjects Repeated measurements were 
made at varying periods of time m the same individuals In order to establish 
the rate of diffusion equilibrium for the radioactive isotope of sodium and thio- 
cyanate between serum and serous effusions, simultaneous samples of both were 
obtained at varjung mtervals after the mtravenous injection of these substances 

Since evidence m the literature indicates that there is an excess of sodium 
mainly Irauted to bone, which cannot be attributed to the extracellular phase, 
experiments on dogs and man were so devised that the ratio of tissue concentra- 
tion to plasma concentration for radiosodium and chemically determined 
chloride could be calculated 

The following conclusions may be drawn from the results of this mvestiga- 
tion 

1 Radiosodium after intravenous administration spreads rapidly durmg the 
first 3 hours from the plasma mto a volume of fluid which represents approxi- 
matelj 25 per cent of the body u eight of man Thereafter for 6 hours it diffuses 
more slowly mto certam tissue spaces — the central nervous system and prob- 
ably the skeleton The plasma volume and interstitial fluid represent 15 and 
85 per cent of the sodium space respectively 

2 Diffusion equilibrium for both radiosodium and thiocyanate is not es- 
tablished between serum and transudates m edematous patients until from 9 to 
12 hours after the mtravenous mjection of these substances 
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3 Until more complete information is available, it is concluded that unless 
the difference betv-een repeated obser\ations on the same individual exceeds 
rfc 1 38 liters there is no significant change m the sodium space providmg that 
the acti\uty of the standard and serum samples are in the range of 40 counts per 
mmute per miUihter with the counting apparatus used As the activity of the 
samples mcreases, the error becomes less because there is no correlation between 
the magnitude of the error and the magnitude of the activity 

4 Chmatic conditions produce no significant changes m the volume of the 
blood or extracellular fluid 

5 In the dog, following the mtravenous injection of radiosodium, the con 
centration of the isotope m bone reaches its maximum rapidly (3 hours) The 
extra sodium in the skeleton of dog is equal to about ^ of the total counts m the 
body, assuimng that the chloride space of bone represents its extracellular 
volume Similar amounts of excess sodium are found m the skeleton of man 
12 hours after the administration of Na** 

6 Correction of the sodium space of man for the excess sodium reduced the 
average value by 3 7 liters or 18 9 per cent The average corrected volume for 
the normal subjects 6 hours after the mjection is 15 9 liters or 21 I per cent of 
the body weight compared with the thiocyanate space of 17 7 liters, represent- 
ing 23 5 per cent of the body weight 

7 The most useful method for calculating the sodium space from the data 
obtamed after intravenous admmistration of radiosodium is as follows 


Sodium space liters 


Number of counts retamed in the body 

Concentmtion of counts per mmute per liter of serum 


This space exceeds the volume of extracellular fluid by the amount of excess 
sodium in the body that cannot be attributed to the extracellular phase 
8 While neither the thiocyanate method nor the radiosodium method gives 
precise estimates of the extracellular fluid, the error is of the same order of 
magnitude in both For clinical use, the thiocyanate method is superior be 
cause of the ready availability of the substance, and the apparatus requured 

The samples of radioactive sodium were made available through the cooperation 
of Urs S N Van Voorhis and Gustav Kucrti of the Department of Physics Um 
versit> of Rochester We are indebted to Mr Vincent F Downing for his assistance 
during the preliminary experiments 
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THE EFFECT OF HIGH PROTEIN DIETS ON EXPERIMENTAL 
RENAL HYPERTENSION* 

Bv H PHILIPSBORK L N KATZ, M D and S RODBARD, Ph D 
{From the Cardiovascular Department Michael Reese Eospital, and the Departments of 
Physiology and Pharmacology A ori/rwesfem University 
Medical School, Chicago) 

(Received for pubbcation August IS 1941) 

Although the behef is widely held that a high protein diet is deleterious to the 
hypertensive patient, a careful survey of the literature discloses that this is 
not a generally substantiated point of view Some dmicians (1-4) in particu 
lar Newburgh (5) ha\ e insisted that the withdrawal of protem from the diet of 
patients with hypertension results m the reduction of their blood pressure and 
the elimination of the concomitant symptoms Others have mamtamed that 
the amount of protem in the diet generally has httle or no relation to the blood 
pressure (6, 7) It has e\en been suggested that a continued low protem diet 
may be pathogenic (8, 9) 

The relationships between renal excretory insufficiency and diet have been 
studied experimentally by numerous investigators (10), but the recent 
development of a satisfactory method for the experimental production of 
persistent renal hypertension (11) has made possible studies on the relationship 
between the factors of diet, renal excretory msuffiaency and hypertension of 
renal ongm in ammals (12, 13) 

Although the processes which result m relative renal excretory msuffiaency 
and those factors which lead to hypertension are frequently seen together, 
we have shown that they are fundamentally distmct (14, 15) Nevertheless 
there still remains the possibility that an augmented load on the kidney might 
cause an mcreased amount of work and thus lead to a relative renal ischemia 
and the mduction of those processes which lead to hypertension We have 
therefore undertaken a study of the effect of high and low protem diets upon 
dogs with (a) normotension and unimpaired renal function, (6) normotension 
and embarrassed renal function due to temporary complete occlusion of the 
renal arteries, (c) normotension and relative renal exaetory insufficiency due 
to chronic partial occlusion of the renal artenes, (d) moderate hypertension with 
sUght evidence of renal excretory msuffiaency, (c) severe hypertension with 
frank renal excretory msuffiaency 

* Aided by the A D Nast Fund for Cardiac Research and a grant from the Na 
tional Live Stock and Meat Board 
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TABLE I 


Summary of Periwenl Data on Ejects of Diet Changes 


Dos 


Days on 

Blood 

Blood pressure 


diet 


Ave 

Max 

Mm 

Last 





ms 7o 

mm Eg 

mm Eg 

mm Eg 

mm Ec 

\ -43 • nonnal pregnant 

Standard 

5 


145/75 

150/80 


140/70 

no renal impairment 

Bread and milk 

24 


160/85 

175/95 


155/90 

normotensivc 

Meat 

30 


165/90 

180/100 

160/75 

150/100 


Standard 

37 

27 

150/75 

150/80 

140/70 

140/70 


Meat and salt 

10 


130/80 

135/85 

120/75 

125/85 


Standard 

3 


125/80 



120/75 

"V 1 t uninephrectomy 

Standard 

S3 


170/100 

190/115 

150/85 

190/110 

contralateral temporary 

Bread and milk 

30 

47 

180/100 

200/120 

170/95 

160/105 

renal artery occlusion 

Meat 

27 

98 

170/100 

175/100 

165/85 

165/85 

for 2 hrs moderate 



88 





renal failure nonno- 

Bread and milk 

16 

56 

195/105 

210/110 

175/90 

175/90 

tensive 



38 





y-80,5 temporary renal 

Standard 

25 

54 

155/85 

170/100 

150/70 

160/95 

artery occlusion for 2 

Bread and milk 

25 

96 

150/75 

165/80 

130/70 

150/75 

hrs moderate renal 
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failure normotensi\e 

Meat 

30 

124 

96 

165/80 

155/100 

150/75 

i7S/75 


Bread and milk 

18 

59 

41 

46 

160/80 

175/95 

150/70 

150/70 

\\ -67 H unmephrectomy 

Standard 

17 

39 

180/90 

170/90 

175/85 

175/75 

trith contralateral par 

Bread and milk 

IS 

31 

140/75 


125/50 

155/70 

tial renal artery ocdu 

Meat and salt 

11 

56 

155/80 

■ : ifiblil 

100/50 

165/100 

Sion kidney function 

Bread and milk 

11 

39 

150/80 

160/90 

140/75 

160/85 

partially impaired nor 

Meat 

9 

64 

160/90 

165/95 

150/80 

160/85 

motensi\e 

Bread and milk 


30 

165/75 

175/75 

150/75 

175/75 

W>S7 bilateral partial 

Standard 

19 

31 

155/85 

175/95 

■ ; Ox SH 

150/75 

renal artery occlusion, 

Bread and milk 



145/75 

160/100 


160/90 

kidne> function par 

Meat and salt 

WSm 

47 

170/80 

170/85 


120/75 

tiallj impaired normo- 

Bread and milk 

■9 

o8 

160/85 

170/100 

125/75 

125/85 

tension 

Meat 


55 

145/95 

175/100 

125/75 

150/95 


Bread and milk 

2 

35 

145/75 

160/75 

130/75 

130/75 

U-45 uninephrectom> 

Standard 

20 

45 

170/80 

165/85 

190/75 

150/80 

contralateral kidney ex 

Bread and milk 

7 


165/90 

160/100 

150/70 

170/85 

planted partially impair 

Meat and salt 

12 

70 

165/90 

175/100 

155/75 

165/85 

ed renal function due to 

Bread and milk 

9 

36 

165/90 

175/85 

145/90 

170/90 

trauma to explanted 

Meat 

9 

52 

175/95 

175/100 

170/85 

175/100 

kidney normotcnsion 

Bread and milk 

3 

49 

185/100 

190/100 

180/100 

190/100 

W 77 bilateral partial 

Standard 

12 

38 

140/75 

160/85 

125/75 

125/70 

renal artery occlusion 

Bread and milk 

17 

45 

140/70 

150/75 

125/65 


moderate impairment of 

Meat and salt 

11 

66 

150/80 

165/85 

125/75 

125/75 

renal function normo 

Bread and milk 

12 

38 

145/80 

145/85 

140/75 

150/75 

tcnsi\ e 

Meat 

15 

92 

170/100 

170/100 

175/95 

175/95 


Bread and milk 

16 


155/75 

165/75 

150/75 

150/75 


Standard 

33 


140/80 

120/85 

130/70 



Bread and milk 

61 

37 

145/80 

170/100 

140/65 

175/85 


Meat 

32 

84 

150/85 

175/100 

140/75 

165/90 


Bread and milk 

17 

46 

160/90 

■EiiBTiM 

150/75 

175/100 


Standard 

24 


150/80 

175/85 

125/70 

160/85 


Bread and milk 

25 

45 

160/85 

175/110 

150/70 

150/70 


Meat 

21 

72 

63 

35 

36 

150/80 

155/90 

150/70 

145/70 


Bread and milk 

16 

150/75 

150/90 

125/70 

125/70 


Standard 

1 




175/95 
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TABLE I — Concluded 


Dog 

Diet 

Says on 
met 

Blood 

1 Blood pressure 

K.rjr 

■9 

KB 

KB 

Last 






nt 

mm lit 

mm Of 

mm St 

mm Bg 

Y 9 bilateral partial renal 

Standard 

43 

32 

160/95 

175/100 

150/80 

165/90 

arterial occlnsioa Ilid 

Bread and milk 

60 

34 

160/95 

195A20 

140/75 

140/75 

eey function unimpaired 

Meat 

33 

33 

165/100 

140/125 

140/80 

120/105 

renal hypertensive 

Bread and milk 

12 

30 

175/110 

175/120 

17SA00 

175/120 


1 Standard 

5 


173/105 

173/103 

173/105 

175/lOj 

X 29 unlnepbreetomy 

Standard 

21 

44 

180/100 

230/130 

140/85 

140/85 

with contralateral pat 

Bread and milk 

5 


170/110 

230/150 

155/100 

165/103 

Ual renal artery occlu 

Meat and salt 

11 

54 

160/100 

185/125 

145/80 

175/110 

Sion kidney function 

Bread and milk 

9 

55 

130/95 

165/105 

140/80 

155/90 

partially impaired renal 

Meat 

9 

70 

165/100 

185/115 

135/80 

185/115 

hyperteaslre 

Bread and milk 

4 

42 

165/S5 1 

170/33 

100/75 

170/83 

X 53 bilateral partial 

Standard 

16 


200/105 

200/110 

200/105 

200/110 

renal arterial occlusion 

Bread and milk 

69 

35 

170/110 

250/150 

155/100 

165/105 

Kidney function slightly 



41 





impaired renal hyper 

: Meat 

32 

34 

175/110 

195/123 

160/95 

175/100 

tensive 

Bread and milk 


46 

lSO/110 

183/11$ 

170/100 

170A00 


Standard 

1 J 


173/103 

173/103 

173/100 

173/105 

n 39 bilateral partial 

Bread and milk 

23 

36 

195/115 

230/I3S 

185/100 

225/130 

renal artery occlusion 

Meat 

32 


190/ns 

210/123 

190/105 

183/no 

renal function unun 
paired rentl byperten 
slon 

Standard 

31 


195/115 

200/125 

180/100 

MO/llO 

X S5 bilateral partial 

Standard 

21 


195/110 

205/125 

195/93 

195/95 

renal arterial occlusion 

Bread and toUk 

61 

27 

190/120 

220/130 

170/100 

170/103 

Sidney function unira 
paired renal byperten 

bleat 

32 

37 

200/125 

225/150 

175/105 

2M/130 

live 

Bread and milk 

15 

27 

200/120 

200/125 

20$/n5 

205/115 

X>d4 bilateral partial 

KtmnAtrA 

13 

37 

200/120 

200/120 

205/115 

190/120 

renal artery occfusion 

Bread and miik 

43 

33 

I90/1I0 

200/123 

173/73 

ISO/lOO 

kidney function parti 

Meat 

33 

1 ^ 

185/110 

200/123 

1 170^5 

185/no 

ally impaired renal 
hypertensive 

Bread and mlik 

7 


200/ns 

200/123 

195/100 

200/110 

X-92 bilateral partial 

{ Standard 

8 


225/140 

230/150 

235/130 

230/150 

renal artery occiosioa 

^ Bread and mQk 

64 

40 

210/125 

2J0/130 

200/100 

200/m 

moderately severe renal 



44 





insufficiency rentl by 

Meat 

19 

62 

250+/ieo 

280/183 

200+/135 

250/US 

pertension 

Bread and mQk 

35 

102 

40 

86 

265/145 

275/170 

Z35A25 

235/12S 


Meat 

9 

190/155 

245/155 

180/150 

180/150 


Bread and milk 

8 

82 

44 

55 

245/153 

230/175 

230/125 

250/145 


Standard 

25 

240/145 

250/160 

230/125 

250/150 


Bread and milk 

52 

36 

225/140 

200+/165 

200/125 

200/125 


Meat 

24 


zio+ziso 

225+/160 

230+/130 

23O+/130 


Bread and mQk 

18 

49 

41 

235/140 

250/150 

250/125 

250/150 


Standard 

2 

38 

213/135 



225/150 


* V-43 pregnant (near term) while on meat and salt 

J Y 1, refuses meat when N PJI is 98 mg per cent and on meat regime n p n falls to 56 
mg per cent 

§ Y 80 as m Y 1 refuses meat when nj n is 124 mg per cent and n pjj then gradually 
falls to 96 and finally 59 mg per cent on meat regime 

II W-67 while on meat alone is m estrus 

•• \ 92 on first regime of meat n jjt goes to 62 mg per cent and dog has uremic symp 
toms The n pjj on the first day of bread and milk is 102 mg per cent. On the second 
meat regime the n J* n rose acutely to 86 mg per cent the dog was very sick with advanced 
Uremic symptoms and diet was changed to bread and milk . On the tlurd regime of meat 
the Njjr does not nse sharpl> the dog now refuses meat during peroids of azotemia 
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HIGH PROTEIN DIETS AND RENAL HYPERTENSION 


In order to give the high and low protein diets an adequate period to in- 
fluence the blood pressure and non-protein nitrogen of the blood the experi- 
mental animals were mamtamed on each diet for varying periods up to 2 
months before the dietary regime was altered 

Methods 

Blood pressures i\ere determined at least tniveekly on trained unanesthetized dogs 
by direct arterial puncture vith the Hamilton manometer (16) The method of 
training and the range of normal blood pressures have previously been described 
(17) Particular attention i\as given to the diastolic pressure since this is the more 
reliable index of the state of penpheral resistance Blood non-protein nitrogen was 
determmed according to the method used at this hospital (18) ^ 

Hipertension was induced by partial occlusion under nembutal anesthesia of the 
renal artenes with either Goldblatt clamps or linen ligatures (11, 19) Dogs were 
considered hypertensive when the diastolic blood pressure was maintained at a 
minimum of 40 to SO mm Hg above the control level The possibihty that some of 
the more severely hypertensive animals were already maximally responding to the 
hj'pertensiv e stimulus was obviated by using several animals with a mild form of 
hypertension, t e , with a diastolic blood pressure of 20 to 30 mm Hg above the con- 
trol level 

Renal excretory insufficiency without hypertension was induced by complete 
occlusion of the renal artenes for a period of about 2 hours After release of the 
occlusion relative renal excretory insufficiency ensued (20) Chronic relative renal 
excretory insufficiency was considered to be present when the blood non-protein 
nitrogen was consistently above the normal level of 25 to 35 mg per cent, or could be 
significantly raised above that level by an increased protein intake 

The standard diet used for feeding our normal and hypertensive animals consists 
of scraps of vegetables, meat, bread, and mUk returned from the hospital commissary 
Representative samples indicate that approximatey 35 to 40 gm of protein are in 
such a daiK ration for each dog The low protein diet consisted of powdered milk and 
white bread and contained about 15 gm of protein per dog per day The high protein 
diet consisted of 800 gm of ground beef chuck containing 160 gm of protein per dog 
per da> In six experiments 10 gm of sodium chlonde were added to the daily meat 
ration for each dog 


RESULTS 

The essential data are summarized m Table I and illustrative experiments 
are shown in Figs 1-3 

(a) The effect of the low and high protem diets was tested on a normo- 
tensu e unoperated pregnant dog (V-43) The several dietary changes had 
no effect on the blood pressure even when repeated with sodium chlonde added 
to the meat 

* e are indebted to Dr D J Cohn of the Department of Chemistry for these de- 
terminations 
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(5) The substitution of the low protein diet for the standard diet, and the 
later substitution of the high protein diet had no effect on the blood pressure 
of two dogs (Y-1, Y 80) with normal blood pressure and relative renal excretory 
insuffiacncy As expected, the blood non protein mtrogen rose during the 
high protem phase of the dietary regime (This is illustrated for Y 80 m 
Pig 1) 

(c) In three dogs with normotension and relative renal excretory msuffi 
aency due to partial renal arterial occlusion (W-67, W-87, U-45) six expen- 



ments were earned out In the first senes of these, sodium chlonde was 
added to the meat diet In the second phase the meat was fed alone In all 
instances a rise m non protem nitrogen occurred without a change m the blood 
pressure In a fourth dog (W 77) an elevation in systolic and diastolic pres 
sures was seen while on the meat regime after the animal had failed to show a 
nse m pressure on the meat and salt regime The blood pressure rose from an 
average of 145/80 to an average of 170/100 durmg the high protein diet This 
mteresting response led us to twice repeat the dietary sequence, m neither of 
subsequent dietary regimes did the animal respond with an mcreased blood 
pressure, yet m each instance the blood non protem mtrogen was mcreased 
durmg the period of high meat mtake (Fig 2) 
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